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PREFACE. 

Tms short text-hook has l>een written with the ohjoct of collecting in a 
concise form material which has been gathered during many years’ experi- 
ence of th(' working of the llivers Pollution Ih'evention Acts. It aims at 
describing trade processes so far as to show' the origin and nature of 
polluting waste liquids, and sets out the means which have been found 
successful in the puriheation of these. 

The authors hojie that it may he of service not only to manufacturers 
and those called upon to advise; them, hut also to Local Authorities and 
their oHicers. 

The thanks of the authors are due to numerous manufacturers, some of 
whom have tak(‘n great ])ains to give yiarticulars of their trade processes 
and purification works, to si^veral engineers and others who have kindly 
furnished illustrations, and to many other friends to wliom they are 
indebttid for assistance. 


Wakkfikli), Murch 


H. M. W. 
H. T. C. 
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rRADE WASTE WATERS: 

THEIR NATURE AND UlSl'OSAL. 


(TIAI'TER 1. 

llISTORIOAIi ANT) LEGAL. 

Rivers used as mavcts — Inlultralde conditions lusiilting — Koyal Ouinniissioiis of 1865 and 
1868— No ('iuly ]uililic statutes dealing with pollution — Act of 1876 — Raw first 
properly enl\irc<nl h) County (Councils — iloiiit Ooimnittces— Royal Coiiiinissioii of 
1898 — Special h»eal Acts based on their reports — Difiicultios of procoduro— 
llibliography. 

Id' to the middle of lust ceutuiy practicully all the waste waters produced 
in trade ])roeesses were poured without let or hindrance into the nearest 
streams. These indeed were lo(»ked u})on us the natural channels for the 
reception of such li(jiiids, mid, hy the Towns Improvement Clauses Act, 
1817, Sections .‘15 uiid tlh, Local Authorities were sometimes even required 
to discharge their crude sewage into rivers. Such practices, coupled with 
the rapid iiidiistilal deved^'pment which took place during the first half of 
ilie century, led to an iutolerahle state of matters, 4o which the attention 
of tlic Covormnont was repeatedly directed. At last, in 186.5, a Royal 
Commission was ap[)oiiited for the purpose of inquiring, amongst other 
matters relating to rivers ])ollution, 

“how far hy new airaiigeiueii1.s the refuse arising fjom industrial processes can be 
kept out of the streams or rendered harmless before it reaches them, or utilised or 
got rid of otherwise than hy discharge into running waters.” 

The lanoiirs of this Comiiiission were continued by a second Commission 
appointed in 1868. As an example of the foul condition of some of 
the streams at that time, the Commissioners’ description of the^Rivers 
Aire and Caldcr may he quoted, in which they stated that these rivers and 
their tributaries were abused 

“by the flowing in, to the amount of very many millions of gallons per day, of 
water poisoned, corrupted, and dogged by refuse from mines, chemical works, 
dyeing, scouring, and fulling worsted and woollen stulfs, skin-cleaning and 
tanning” (186.5 Oommission, Third Report, p. xi). 

As evidence of the foulness of the Yorkshire Calder, the Commissioners 
had, in fact, before them a letter written with its water, and their 
correspondent writes ; 

‘‘Could the odour only accompany this sheet also, it would add much to the 
interest of this Afcsmorjndum ! ’^(1868 Commission, Third Report, p 12). 
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( 

It Boeiijs strange that this state of matters was allowed to develop, for 
by common law every riparian owner is entitled to receive the waters of 
a stream unpolluted and undiminished. Experience, however, has shown 
that ordy rarely will a riparian owner take the trouble and incur the 
odium and expense of instituting legal proceedings to maintain these 
rights. Fre(]uently, indeed, he is himself an offender, and liable to 
proceedings by others. Morcovei', if a pollution continues for ttenty© 
years, the common law as to prescriptive rights is a bar to any proceedings 
by a private person. 

The IcSGiS (Commission (First lleport, p. 9(1) reported that 
“of the many polluting li(pii(la wliicli now poison the rivers there is not one 
which cannot be either kciil. out of the streams altogether, or so far jniritied before 
admission as to dejirixe it of its noxious character, and this not only without 
unduly interfering with manufacturing operations, but even in some instances 
with a distinct profit to the manufacturer ; and even in those cases where a certain 
amount of expense must be incurred m unremunerative opmalions, the use of the 
purified strisam will more 1,lian recompense this expenditure.” 

In spite of the suggested remedial measures, and notwithstanding the 
intoh^rable condition of the streams, several years elapsed before I’arliament 
dealt with the matter. 

At the time of these Uoyal Oommissions no public statute had been 
enacted to deal with trade pollutions. The (ilasworks Clauses Act, 1847, 
following the lines of the Lighting and AVateliing Act, 1833, forbade the 
discharge into a stream of any washing or other substance produced in 
making or supplying gas, and the Waterworks Clauses Act of the same 
year gave to the owners of waterworks certain powers to prevent pollution. 
The Salmon Fisheries Act, 1861, imposed penalties u])oii any person 
putting any li(iuid or solid matter into a streair to such aii extent as to 
cause the water to person or kill fish. The Public TTealth Act, 1875, 
except for re enacting the clauses dealing with gasworks, did not deal 
directly with pollutions by trade refuse, but enacted (Section 15), with 
certain provisoes, that 

“Every local authority shall . . . cause to be made such sewers as may he 
uecessjiry for etl'ectually draining their disl.rict f(jr tlie purposes of this Act,” and 
also (Section 21) that “The owner or occupier of any premises within the district 
of a local authority shall be entitled to aiuse his drains to empty into the sewers 
of that authority. . . .” 

It has, however, been held that these sections do not apply to trade 
refuse us distinguished from domestic sewage. 

At last, in 1876, stirred up by public opinion and acting on the 
recommendations of the foregoing and other Commissions, the Govern- 
ment passed an Act dealing expressly with the pollution of rivers by 
sewage and trade refuse— the Rivers Pollution Prevention Act, 1876. 
Part 1. of this Act makes it an offence to put into a stream, among 
other solid matters, the solid refuse of any manufactory, manufactur- 
ing process, or quarry, so as to interfere with its due flow or pollute 
its waters. Part III. relates to manufacturing and mining pollutions, 
and states: — 
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Suction 4. — ‘‘ Every perhun wliu causes to fall or flow or knowingly ])eTmit8 to 
fall or flow or to be carried into any stream any ixnsonous, noxious, or i)olluting 
liquid proceeding from any fac.tory or inanulactiiring process shall (subject as 
ill this Act* mentioned) be deemed to have commilted an ollence against this 


Act. ...” . 

Section 5.—“ Every ixirson who causes to fall or flow or knowingly ])erniits to 
fall or how or to be carried into any stream any solid niattei- from any mine in 
such quantities as to prejudicially interfere with its due flow, or any poisonous, 
noxious, or i)ollutiiig solid or liipiid matter prcu-eednig from any mine, other than 
water in the same condition as that in wliich it has been drained or raised from 
such mine, shall be deemed to have committed an olfenc.e against this Act, unless 
ill the case of poisonous, noxious, or polluting matter he shows to the satisfaction 
of the court having cognisance of the case that he is using the best i»racticnble ami 
reasonably available means to render harmless the poisonous, noxious, or polluting 
matter so falling or flowing or carried into the stream.” _ 

Section 0 — “Unless and until Parliament otherwise i»rovides, the following 
enactments shall take cll'eet, proceedings shall not he taken against any nerson 
under this part of this Act save hy a sanitary aiit,hon1,y, nor shall any such pro- 
ceedim's he taken without the consent of the L(.cnl (lo\ eminent Hoard : 1 rovided 
always^ that if the sanitary authority, on the ajii.lication of any person interested 
alle'dii*’’ an od'ence to have been committed, shall refuse to lake proceedings or 
apoTy for the consent hy this section pmvided, the ]»er8(»n so interested inay ajiply 
to the Local Goveriiineiit Board, and if that Board on im}nirv is of o])iuioii that 
the sanitary authority should take proceedings, they may direct the sanitary 
authority accordingly,' who shall Lhereni>ou e,omineiice proceedings ” 

“The said Board in giving or withholding their consent shall have reganl to 
the iiidnstrial interests involved in the case and to the e.ircumstances and reipiire- 


meiits of the locality.” i -i. 

“ Tlie said Ikiard shall not give their consent to proceedings hy the sanitary 
authority of any district wliich is the scat of any manufac, luring industry, unless 
they are satisiied, after due impiiry, that means for rendering harmless the 
poisonous, noxious, or itolliUiiig licjuids proceeding from th(‘, processes of such 
manufactures are reasonably jiracticahle and available under all the circumstances 
of the case, and that no material injury will he inflicted hy sucli proceedings on 
the interests of such industry. . . 


Practically, liowovor, this Act remained for muiiy yc^ars a dead letter. 
Its chief defect was that its administration was imtrusted to the care of a 
multitude of Sanitary Authorities, nearly all of wliom were themselves 
gross offenders. 

By the establishment of County Councils jiinder the Local Covernment 
Act, 1888, this defect was to some extent remedied by placing in their 
hands the power of enforcing the Act of 1876, and to the action of these 
County Councils and their Joint Committees the progress that has been 
made in the purification of streams is almost entirely duo. These Councils, 
having jurisdiction over largo areas, and, except in the case of County 
Boroughs, not being themselves offenders, are in a better position to deal 
with questions of this kind. 

The Act of 1888 provided for the combination of adjoining County 
Authorities in the administration of the Rivers Pollution Prevention Act, 
1876, so that one Joint Committee could be formed to deal with the whole 
course of a river. Under this provision, which had been recommended by 
the earlier Royal Commissions, three Joint Committees have been formed 
to deal with the streams most grossly polluted by waste waters from 
industrial processes. These are the Mersey and Irwell Joint Committee 
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and the Kibble Joint Committee, which were set up in 1892, and the W'est 
Hiding Rivers Board, established in 1893. These three Committees 
consist of members appointed by the County Councils and County Boroughs 
in the respective {ireas to administer the Act of 1876. This Act was 
slightly amended by a short Act of 1893, and the Mersey and IrwellJoint 
Committee in 1892 and the West Riding Rivers Board in 1894 obtained 
special Acts, but these add only slightly to the powers given by*, the 
former Act. The Middles(',x County Couneil, however, in special Acts 
of 1898 and 190G, ol)tained considerably extended powers within its 
own area. 

There are two otliei' Authorities, the Thames Conservancy Board 
and the liCe Couservuucy Board, wliich exercise jurisdiction as regards 
pollution pi’actically over the whole area of a watershed, irnispective of 
county boundaries. The Tlunues (V)nservaney was incorporated in 1857, 
and the Lee ( 'onservancy (a v(Ty ancient body) was reconstituted in 1868, 
but both bodies were ])riiuarily iiitended for the control of navigation. In 
various Acts which tlu'y have obtained from time to time, clauses have been 
inserted giving them powers to ])revent pollution in their respective areas, 
and by the 1876 Act the L(‘e Conservancy was specially granted power 
to administer that Act to the exclusion of other Sanitary Authorities. 

The Act of 1876 has important clauses dealing with the reception of 
trade refuse in public sowers and its subsc(pieiit treatment by Sanitary 
Authorities, whicii will he dealt with in detail in Chapter XII., but 
these provisions have been found <pute inadccpiate, and the anomalies in 
connection with the luiittcr have given ris(‘ to great discontent amongst 
manufacturers and ratepayers Furthermore, the Royal Commissions 
already mentiotied rec(^nmcnded tliat sewage should always be purified 
by its application to land, and for many years the Local Covernment 
Board insisted upon this i)eing dune in all cases where their sanction to a 
scheme of scwfige disposal was lotpiisite, but in the early ’nineties the 
purification of sewage on artificial filters by biological processes had so far 
been proved successful as to indicate that the use of land was not always 
necessary. Consequently, another Royal Commission was appointed in 
1898 to impure and re])ort “ w hat method or methods of treating and 
disposing of sewage (including any liquid from any factory, or manufactur- 
ing prodOss) may proi)erly be adopted.” This Commission is still sitting, 
but has issued numerous reports, several of which deal with the disposal 
of trade refuse. 

In their First Report (1901, p. 13) the Commissioners recommend 
the creation of a Supreme Rivers Authority to deal with matters relating 
to rivers and their purification. In their Third Report (1903, pp. 15, 16, 
and 17) they say 

“ that sewage containing trade effluents is generally more difficult to purify than 
ordinary sewage. . . . Our results fully support the view that it is practicable 
in the great majority of cases to purify mixtures of sewage and trade effluents 
if the manufacturers adopt reasonable preliminary measgres. . . . We are 
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satisfied tliai in some cases at least the purification of the trade effluent by itself 
would be vAy difficult to accomplish. . . . We are therefore of opinion that the 
law should be altered so as to make it the duty of the local autliority 4o provide 
such sewers as are neces>sary to carry trade effluents as well as domestic sewage, 
and that the manufacturer should be given the right, subject to the observance 
of certain safeguards, to discliarge trade effluents into tlie sewers 

TheJ^ again (p. 24) lay stress upon the necessity for a Central Authority, 
and advocate the formation of I livers Hoards tliroughout the country. 
Their Sixth Heport deals entindy with the disposal of the liquid refuse 
from distilleries, in another Report, ])romised at an early date, they will 
deal directly with pollution of rivers by trade refuse discharges, and in an 
appendix to their Seventh Report they have already published some of 
the special evidence which they liave obtained on this subject. 

Action based on the recommendations of the Third Report has already 
been taken by several towns. Halifax and Heckmondwike in 1905 and 
Huddersfield in 1900 obtained the sanction of Parliament to special Acts 
giving the m an u faction's within their ai*eas the right of discharging trade 
refuse into the public sewers, and empoweidng the Authorities to make 
regulations governing these discharges and to ciiarge the manufacturers 
for the treatment of their refuse in cases wliere no })reliminary treatment 
is adopted. It is worthy of note that each of those Authorities has 
adopted the principle of recciiviug the crude refuse into the sowers and 
accepting a payment from the manufacturer iu lieu of preliminary treat- 
ment. Other towns have had the adoption of similar measures under 
consideration, atid would have applied to Parliament had they not been 
assured annually foi' several years past by the President of the Local 
(joverument Hoard that ho had already prepfii-id a comprehensive Bill 
based on the Third Report of th(5 Royal Commission and would lose no 
time in passing it into law. 

As the law at present stands any legal proceedings against a manu- 
facturer who pollutes a stream are greatly *bampered by restrictions and 
saving clauses in the Acts of l*arliament. These may have been necessary 
in 1876, when little was known of methods for the purification of trade 
refuse, hut now, after thirty-six years’ experience, they chiefly serve to arm 
the offender who di)es not wish to comply with the law. In the case of a 
pollution newly commencing, just as in the ease of one which lias been 
continuing for a hundred years, an Authority is debarred from taking 
proceedings until the sanction of the Local Government Hoard has been 
obtained, and in practice this is never given until local inejuiry has been 
held and proof given of the existence of the pollution and of means for its 
prevention. The same formalities have to be observed even when at an 
adjoining factory exactly the same kind of refuse has been effectively 
purified for many years. Moreover, when a new business is being started, 
in connection with which it is known that there must he polluting dis- 
charges of trside refuse, a Rivers Authority ^las no power to act until the 
pollu^ng processes are in operation and actual pollution occurs. When 
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the Local Government Board has given consent to the taking of proceed, 
ings, two months’ notice of tlic intention to take these proceedings must 
be given to the ofrender, and not until the expiration of that period can 
application be made to the Court for an Order requiring the observance 
of the law\ Further, no provision is made for preventing mismanagement 
of purification works already constructed, except by again going tlirbugh i 
all the foregoing formalities. 

The history of Parliamentary action in dealing with trade pollution has 
been, as may be gathered from the foregoing, charactei-ised by delay and 
weakness. Although by the Towns Improvement Clauses Act, 1847, sonic 
attempt was made to lessen the jiollution of streams by domestic sewage 
it was not until 1876 that the much grosser pollution by trade refuse was 
dealt with, and the, restrictions then im])osed were such as to give the 
manufactur(‘r every facility for ])rocrasti nation or evasion. The reason for 
this is only too evident, and is well set out by the Bight Hon. C. G. Milnes 
Gcaskcll in an article in the JVtneft'enfh (lent ary '\\\ 1903, where he says : 

“The nuinufacturers were, too powcrfid a body to be coin]Hdle(l t(» do their duty. 

‘ Parliaiueiit,’ T once said to Mr Gladstone during the last year of his life, ‘has 
been very lenient to the manufacturers.’ ‘Say far too cowardly,’ replied Mr 
Gladstone.” 

After this brief statement of the growth of pollution by manufacturing 
processes and of the legal measures adopted or contemplated for dealing 
with it, a description may now be giv(!n of the jmicesses from which the waste 
waters arise* and of the methods of purification which have been adopted. 
This can best be acc()m])lishcd by dealing separately with various trades, 
describing each individual process and the metliodh adopted for the purifica- 
tion of its special kind of refuse. It will, however, be found that there are 
often sev(‘ral distinct polluting processes at one mill, yielding waste waters 
which may have to be treated separately and by totally different methods, 
or may be capable of purification when mixed together. On the other 
hand, the means of purification which are successful in dealing with one 
kind of refuse may bo ecpially a])plicable in other cases, for c.xample, 
apparatus for adding precipitants, tanks for the removal of suspended 
matter, or filters for drying sludge. 
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OlFAITICIt II. 

Tllli COAL TRADE. 

Pollutiiif; fliscliiiif'es - I'it wati'i'—Oclirc water— boilers and water .softening 
— Coal washing— Object of wasbing — Korins of A\asbei — Tiealnient—ljibliograpby. 

In tlie coal trade there are iiiaiiy o^ieratioiis in wbieh water is fouled. In 
pit siidving and in the ordinary course of g^etting; coal large quantities of 
water are often met with, and these liave to h(‘ draiiu'd into the streams: 
at many collieries the ])it water is used in the boilers, and w hen it contains 
dissolved salts in considerable quantity these are dejiosited and must be 
blown out from time to time : if th(‘ water is previously softened, and this 
is an increasing jiractice, there is a similar deposition of solids, which 
escape in the discharges from the softening ap[)aratus: in many cases the 
coal is washed to fre(‘ it from impurities, and the coal-washing water has 
to be disposed of: where coal is made into coke, water must bo used for 
quenching the hot coke, and is generally used ii^ excess, so that there is a 
considerable escape of i, waste w'ater : where gas is manufactui’ed and bye- 
products are recovered, water is used in many of tlu' incidental processes, 
such for instance as the recovery of ammonia and of bi'ny.ol, when very foul 
Vupiids may be discharged. 

The sources of pollution are therefore as follows : — 

1. Discharging pit water. 

2. lilow’ing-otl' boilers. 

3. Wcater softening. 

4. Coal washing. 

V). Coke (|ucnching. 

G. Manufacturing gas and recovering bye-products. 

Pit Water. — In Section h of the ilivers Pollution Prevention Act, 1876, 
an exemption is provklod from liability to proceedings under that Act 
in regard to water in the same condition as that in which it has been 
drained or raised from a mine. This does not hinder a riparian owner 
from taking action at common law to stop any pollution caused by such 
water, provided that a right to discharge it has not been gained by lapse of 
time, agreement, or otherwise. 

When a new shaft is being sunk through w'ater-bearing strata it may 
be necessary to pump enormous quantities of water from it, sometimes as 
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much as 6000 gallons a minute. To avoid this, the whole of the water- 
bearing groiftid through which the shaft is being sunk is occasionally 
artificially frozen, or rendered solid by the injection of cement, buf these 
are very expensive processes and seldom adopted. When the water is kept 
under by pumping, it is contaminated by the digging operations and may 
garry with it large amounts of clay and sand in suspcmsion, and if dis- 
charged into a clean stream may attect it very injuriously. In such cases 
the provision of ponds, through which the water is passed for the settle- 
ment of the 8us])ended matters, is generally suffi(!icnt, and these ponds 
should have a capacity ecpial to six or eight hours’ flow. Where the 
volume pumped is very large, the degree of pollution is naturally less, and 
treatment of the water may even he unnecessary. 

In the newer and deeper pits any water-hearing strata through which 
the shaft may pass are “tubbed oflT” to ])revent the water rc'aching the 
workings, so that after the shaft is sunk there is generally v(‘ry little to be 
dealt with. In the older and sliallovver pits, tubbing has not been so often 
adopted, and any water met with falls to the lowest part of the workings, 
and must either be pump(‘d out or drained ofV by adits. This water is 
often grossly contaminated by mud and fine coal, and should then be 
thoroughly sctth'd in ponds or tanks befor(‘ being discharged to a stream. 

Sometimes the water drains from strata containing iron in the form of 
carbonate, when the cs(japing water may contain aj)})reciabh' rjuantities of 
iron bicarbonate in solution. When exposed to tlic air carbon dioxide 
escapes, and this, together with oxidation, causes a deposit of ferric oxide or 
ochre, as represented in tlj,e eipiation ; — 

l^FeH,(C( ).j), + 0 ^ Fe/-);{ + 2H/) -f ^CO,,. 

More commonly the iron is ])resent in the strata in the form of pyrites, 
which, by exposure to air in U\e mine, bcco\ues oxidised to ferrous sulphate 
and free sulphuric acid, thus : - 

FeS., -f 70 + H,0 = FeS()j + 

By further oxidation ferric salts are produced, thus : — 

2FcSO^ + TfjSO^ -t- 0 - + n,,(). 

The water issuing from such a pit is highly acid in reaction and contains 
in solution large cpiantities of ferrous and ferru; sulphates (see Table I.). 
Occasionally, where oxidation has proceeded further, there are also 
appreciable amounts of basic ferric sidphate in suspension. When such a 
water is discharged into a stream, the water of which is alkaline, there 
is an immediate precipitation of oxide of iron or ochre. Even should the 
water of the stream not be alkaline, the ochre is deposited, but more 
slowly, by a gradual oxidation process, or by the metabolism of certain 
organisms, such as Leptothnx ochracece or Crervythrix polyspora^ which are 
found to grow profusely in ochrey waters. Where a stream receives these 
discha^es it is also contaminated by the free acid which escapes along with 
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the iron salts, and the two j)ollutions together may attain such a degree 
that they render the water of the stream poisonous to fish *life and to all 
ordiii/fry .aquatic flora .and fauna, and unfit for any industrial use. Table 
1. gives the analysc's of a number of ochre waters drained or pumped from 
coal .and gannister mines. 

Tlie voliiUKiH of such ochre discharges m.ay be v('ry considerable. 

Percy C. (freavc's (Royal CJoimnission on Sewage Disposal, ISOS, Seventh 
Report, vol. ‘1, j). IbS) states that then' an' many collieries where from 
5 to 10 tons of water an' pumped lor every ton of co.al raised. He quotes 
one e.asc where l}r)l 1 tons of ochre water es(;.ape from the mine daily, 
although the output of coal is ofdy bO tons per day. 

The purification of tliese oclin^ waters p]*escnts no technical difficulty. 


Taule I. 
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The Royal Commission of ISflS, in their Fifth Report, dealing witli rivers 
pollution arising from mining ojM'nitions, s.ay (p. 15): 

“There is indeed a most jxA'fect and ettieient remedy for this evil. . . . This 
remedy consists in adding t(» the polluted wafer flowing from the mine, or being 
discharged from it, a (jiiantil v of ({inckliine (previously slaked) sufficient either to 
neutralise the acidity of the water or to replace the oxide of iron it conhiins. 
About twelve houiV subsidence of the preeqatated oxide of iron would then be 
required.’’ 

Tliey point, however, to the great cost which treatment would entail 
in some c.ases. Since the date of this (V)nimission much experience has 
been g<aincd, both here and on the (Continent, in the treatment of well 
waters containing iron so as to make them fit for public water supplies. 

Sometimes such waters are treated with lime or soda in a water-softening 
appar.atus, as for instance at Swadlincote and Wellingborough. At 
Linslade and Fenny Stratford, where the water contains considerable 
amounts of iron derived from tlie Lower (Ireensand, and also at Charlotten- 
burg and some other places on the Continent, where deep-well water 
carries with it iron in the form of bicarbonate, or held in colloidal solution 
by humic, ulmie, and other organic acids, tlie iron fs oxidised bjj^ passing 
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the water through aerating filters and removed by straining through filters 
of coke or sand. Oxidation and removal of the iron is also in some cases 
brought about by forcing the water by means of compressed air through 
a high-pressure filter of the type described in Chapter XI. Such a process 
is in use at Hastings, Tunbridge Wells, and several places near Bristol. 
\ simikir method would be aj)plicable to these ochre waters, but after the 
separation of the iron the water would still contain free sulphuric acid. 
This could be neutralised as suggested above, and for this purpose less 
lime would be re(juired than if the water had nf)t been })revi()usly aerated. 
The use of manganese “permutit” (see p. 12) for the oxidation and 
removal of iron has also recently come into use, and promises to be a very 
efficient process. 

Taju.k 11. 
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Any \)r those processes, liowever, would be costly if applied to the large 
volumes (;f water whicL are discliarged from mines. In practice it is found 
that if tliese oclire waters an* passed through ^hallow ponds they deposit 
mucli of their contaimKl iron and tlnis lose much of their polluting 
character. 

Blowing-off Boilers and Water Softening. As has already been stated 
the water puin])ed from a coal pit is often used for feeding boilers, and as 
such a water is fre(piently extremely hard (see Tables 11. and 111.), ils use 
brings about the deposit of large (piantitcs of mineral salts in the boilers. 
Such a deposit may either occur as a finely divided sludge or may form a 
hard scale on the boiler plates. In the former c.iso the inconvenience may 
not be great, as the sludge can from time to time be blown out, but the 
discharge thus produced contains far too many suspended solids to be 
allowed to reach a stream. Table II. contains analyses of the water used in 
several such cases and of the polluting discharges when the boilers are 
blown off*. 

When the deposited solids take the form of a hard scale the injurious 
effect of^the use of such a water becomes very marked. The scale is a bad 
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conductor of heat, so that increased quantities of fuel are necessary : the 
removal of the scale when the boiler is cleaned is a matter of difficulty and 
expcAie, and the chiselling necessary is liable to injure the boiler plates : 
when the scale is very thick it may at any time crack and allow the water 
to reach the overheated plate, when there is great risk of an explosion 
from the siuhh'ii production of steam. Where ecoiioniiHers arc cised jn 
connection with tlie boilers they are even more injuriously affected, as the 
tubes rapidly laaiome choked by the deposited solids. 

Kor the above reasons it is a very general j)ractice to soften these hard 
waters before use l)y means of chemical j)rocipitation and settlement. One 
case may ])e quoted where b(‘fore a softening process was adopt(‘d twenty- 
two l)oilers were necessary and found scarcely sutKcient, wluu’Cias after the 
introduction of a water softener eightecai boilers were sufficient, and these 
required considerably less fuel y)er boiler. The solids settled in such a 
process must be discharged from the softening plant in the form of a liquid 
sludge V('ry similar to that from blowing-off‘ boilers. 

Such liquuls are easily purilied by simple settlement, as the solids in 
suspension are readily deposited. Tanks should be ju’ovided large enough 
to contain the maximum discharge at any one time, and these should beat 
least in diq)licate, so as to allow time for settlement and cleansing. They 
should he provided with cfticiont means for letting ofT the top water without 
disturbing the sludge. The sludge thus jmiduced consists for the most 
part of carbonate of lime in very fine subdivision, and this is stated by 
J. Hendrick, ll.Sc., K.l.( !. ((^hmucd/ Tntde Jounuil, 21st S(q)t(*mb(ir 11)12, 
p. 21ir)), to be vt'ry useful for agricultural purposes. 

A new })ro(^ess lu\^’, recently come into use for softening hard waters, by 
means of “ Permutit,” which does not produce the liquid sludge discharged 
from the older processes, 'riu' water is passed through a filter of artificial 
zeolite, an aluminate-silicate of sodium, which has the jiroperty of displacing 
the calcium and magnesium of the salts in the water by the sodium of the 
zeolite. After the filter has run for some time it must be regenerated, and 
this is accomplished by treating it with a small volume of a strong solution of 
sodium chloride, when the deposited calcium or magnesium permutit is again 
decomposed, with forimition of sodium permutit and calcium or magnesium 
chlorfde. These latter salts are washed out, and the washing water is 
exceedingly hard, and if discharged to a stream would in some cases be 
obnoxious to users of the water lower down. In such cases the adoption of 
this process is not advisable. Sometimes, however, where this process of 
water softening is adopted at a mill where soapy Ikpiidsare discharged, the 
calcium and magnesium chlorides in the washing water from the filter 
might be used as precipitants for the soap. 

As has been mentioned, a manganese permutit can be used for the 
removal of iron from water, a process which also sterilises by the action 
of the higher oxides of manganese. In this case the regeneration of the 
permutit is effected by means of a permanganate sofution. 
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Coal Wasbing. — The Hi vers rollution Commission of 1868 paid a good 
deal of attention to the pollution of streams by water fouled in coal wash- 
ing, and invostTgatod the effect of this pollution on the Derbyshire part of 
the River Rother (see Fifth Report, vol. 1, p. 7, and vol. 2, pp. et 
seq.). In a paper by Mr (Jeorge Howe, rej)rinted by the Commission (Fifth 
Report, vol. 2, p. 192), it was clearly shown that all pollution of the 
stream 1^ coal-washiiig refuse could readily be prevented, and tliat not only 
were the means required veiy simple, but that their adoption would be 
profitable to the collioiy owiku*. Similar evidence has been given before 
the present Royal Commission by Mr W C. Crt'aves (Seventh Report, vol. 
3, (^J. 30270-1), who stated that at practically all the collieries with which 
he is connected means have been adopted to ])urify this kind of refuse. 

Since the LSOS Coniuiission repoi-ted there has been a very great 
increase in the number of places where coal is washed, -tiiid had it not been 
found easily ])racticable to ])urify the water discharged, the resulting 
pollution of the streams from this cause would have been very great. 
The coal raised annually in the United Kingdom amounts to about two 
liundrcd and seventy million tons. <Jf this amount over thirty-five million 
tons are converted into coke, 60 or 7() 2 )er cent, of it being previously 
washed, and a proportion of the coal which is not made into coke is also 
washed b(‘,fore it reaches tin' consumer. Moreover, the amounts of coal 
raised and coke produced are increasing year by year. 

An interesting report on the various methods of coal washing is given 
in the Tranmvflons of (hr Miniioj Insfifufr <f SoothtiK^ for 1889, and 
although since then considerable modifications and improveunents in the 
washers have been introduii^'d, these have made little difference in the 
character of the ctHuont produced. Their (jffect ha*i, however, been to 
reduce the (j\iantity of dirty water finally discharged, for in nearly all 
modern washers the same water is circulated again and again. A more 
recent paper, descriptive of modern coal washers, has been written by 
W. McD. Mackey, hM.(J. {Journ. Soc. iJhem. ywd.^ 1904, vol. 23, p. 431). 

The following brief description may serve to explain the principles of 
the process, which is not one of washing in the ordinary sense of the word, 
but rather a separation of the coal from its impurities by means of 
agitation in water. Coal as it comes from the pits often contains a con- 
siderable admixture of impurities, such as shale, clay, and pyrites, which 
• greatly reduce its value, and especially so in the case of coal which is to be 
converted into coke for use in the iron and steel industries. The larger 
pieces of stone and shale can be picked out of the coal by hand, but when 
the coal and its impurities are broken up into small pieces this method of 
separation is impracticable, and it becomes necessary to wash the coal. 
The impurities are almost invariably of greater specific gravity than the 
coal, and when a mixture of small pieces of the two is agitated in water, 
they gradually separate into two layers, the coal at the top, and the “ dirt ” 
at the bottom. All washing machines are constructed to take advantage 
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of this difference in Hpecific gravity, and are so arranged that the dirt is 
discharged from one 2)art of the washer, whilst the coal issues with the 
water from another {)art. The coal is separated from the waiter either by 
straiding or settlement, hut the waiter which finally escaj^es usually carries 
with it large amounts of tine coal in suspension. 

Mr Mackt'y in his 2)a])er says that 

“the siiiiplcsL and probably tlic (iarliesl form of washer was the trough, cBnsistilg 
of a trough or spout usually with wooden sidc'<, and, in the later forms, glass 
slabs on the bottom to withstand the a(‘tion of the water and grit. The trough is 
about 2 feet wide, and set, at a slight alojie, ami extending as a rule not less 
than 40 feet. Down tliis tlie water runs, carrying the coal, and dams set at 
intervals catch tlie dirt, tlie clean coal ])as.sing on. Tliese tronglis are usually 
worked in ])airs, one lieiiig (deaiied whilst the ot.her is at, work. 

“ Tlie modilicatioiis of the trough form a clas.s which we may take fn-rtt. Thus, 
in the ‘ Elliot ’ wasbei’, an endless )>elt of d;i.ms is made to travel uj) against the 
flow of water and coal, delivering tlie dirt at the up])er end. The ‘Murton’ 
consists of an (‘lldle^s’helt of steel tra\s with dams attached, <‘arrying tlie dirt 
agsinst the flow' of coal and water, and delivering it at the ujijier end. In the 
‘ Muscham]i’ tlie dirt is made to travel to the ui>j)er end hy means of a screw (the 
screw 111 tills case forming the dams) ; and, ]astl\, the ‘ Blackett’ C()n^ists of a steel 
tube or cylimhu' (.‘iO feet long, and 4 feet in diameter) whicb turns as the coal and 
water Hows from one end to the ot.her, the tnhe being lanl laterally at a slight 
slope. A screw is attaelied to the inside of the tube, and as the tnhe revolves, 
the dirt falling helmid tins screws, winch forms a continuous dam, i.s taken to the 
iiiijier end of the t.iihe and discharged. The coal to In* treated (along wdth jmrt 
of the water) is delivered liy a stationary sjiout riinniiig to about tlie middle of 
the tube, and tlie dirt gets a fnrtlier w'ashing when it jiasses this })oiiit by a 
stream of water wliich enters at the upper end. 

“To a second class belong washers of the jigger or })ul.satii)g type. This 
includes the (Jermaii washens, the ‘ Billing,’ the ‘ Humboldt,’ the ‘Baum,’ and one 
at least of Engli.sli make, the ‘ 81iep]iard.’ W'ashers of tlii.s type consist cs-senticilly 
of a grid tlirougli wdiich water rises and falls, being actuateil either liy a ram or 
compressed air. Water and coal are led on to th^j iqijicr surface of the grid at 
one end, and the clean coal, wdiich is se])arated from the dirt by tlie ipiick upward 
jig of the water, is dilcharged vvitli tlie stream of overflow water at the other. 
The dirt, which forms a lower layer, partly fnidiug its way through the grid and 
partly being discharged into the chamber below by an ojiening at the further end 
of tlie grid, c.ollects in the bottom of the chamber, and is bronglit out by a screw 
conveyer. In some cases tlu-, grid is covered wdtli felspar, through which the 
dirt makes its way, and Uhii^lly a w^asher consists of several (diamhers and grids 
for coals of dillereiit sizes, the most vigorous pulsations being given to the water 
for the larger sizes. In the ‘Baum’ washer, in its latest development, all sizes 
are treated over one grid, and the coal .sized after washing. 

“ A third class is rcjiresented by tbe ‘ Bobinsoii ’ w’asher, wdiich consists of a 
vessel ill the shape of an inverted cone, into wdiich the coal is <diarged at the top, 
and lyi upw^ard current of water, whiidi overflow^ at one side, carries with it the 
clean coal, wdiilst the dirt sinks and is removed by a false bottom arrangement. 
The separation of tlie (loal and dirt in the w'asher is facilitated by moving arms 
or paddles. 

“Recently, as a fourth class, we have table Avashers of the gold-washing type. 
Of these the ‘Craig’ is the best kiiowui in England, It consists of a steel tame, 
on to which the coal, })reviously mixed Avith Avater, is led, and over wdiich the 
clean coal floats and is discharged at the further end, whilst the dirt, by an 
ingenious back buriij) arrangement, is caused to travel in the opposite direction 
and to be discharged off the table. In this way very fine or ground coal can be 
washed, but the rate of Avashing is slow, not exceeding five tons per hour.” 

Since the above jmper Avas Avritten, other forms of washers have been 
introduced, for example, the “ Primus ” and the “ Greaves,” in which the dirt 
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is separated from the coal by nieans of a perforated tray to which a jigging 
motion is given under the surface of a tanh of water. Tliis produces the 
same elFect astn the washers of the pulsating type already mentioned, in 
which the perforated tray is tixed and the water })ul sates. 

As the water used in coal washing need not be very pure, that which 
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escapes from the washer is now usually caught in a tank and pumped back 
for re-use, with the double object of economising water and avoiding the 
waste of the fine coal in suspension. The receiving tank should not be 
large enough to permit of sedimentation, for the fine coal must be kept 
circulating with the water so that it is continuously being returned to the 
washer. If allowed to settle it cannot afterwards be uniformly mixed with 
the rest of the coal and cannot by itself be made into marketable coke. 
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In some washers the uniform admixture of the fine coal is attained by 
quite a different method, which also has the advantage of clarifying the 
water used. In this method the washed coal and water are both discharged 
into a large hopper, from the bottom of which the water is allowed to 
drain away, the coal acting as a very eftective strainer. 

This admixture is also accomplished by the Baum settling tank of the 
Simon Carves Bye-product Co. (Fig. 1), which consists of a tank in tfee 
shape of an inverted cone erected on columns so that tlie water can run 
from it to the washer by gravitation. All the water is drained from the 
washer into a sump from which it is pumped through a pipe. A, into a 
hollow sheet-iron cylinder, B, the lower half of which is perforated. The 
water escapes lat(;rally through the perforations, and the solids fall to the 
bottom of the tank, where the slurry collects. The water escapes from 
the tank by the overflow, C, which returns it to the washer. The head 
of water in the tank forces the slurry through the regulating tap, D, and 
up the pi{)e, E, from wliicli it is delivered on to the band conveying the 
washed coal from the washer. To prevent the w'atcr from running over 
the sides of the settling tank, an overflow, F, is arranged which takes the 
excess water into storage tanks, C. These are in duplicate, so that one 
can be in use while the other is being cleaned out. The whole contents 
of the conical tank can be let off into (1. 

The circulation and re-use of the washing water may, in some cases, bo 
carried on continuously, when there need bo no discharge of dirty water 
from the washer ; on the contrary, fresh water must be added to replace 
that which is absorbed by the coal an<l dirt. In other cases, where con- 
siderable (piantities of salt or finely divided ^lay are washed out of the 
coal, the water ultiuMtcly becomes so full of these impurities that it has to 
be discharged as refuse. This dirty water is very jiolluting in character, 
as it contains large amounts of solids in solution dissolved out of the coal, 
and still larger amounts of solids in suspension, these latter consisting in 
great part of finely dividcfl coal. In Table 111. are given the analyses of a 
number of samples of water taken directly from various washers, and, for 
purposes of comparison, the analyses of the same waters before use. 

It will be noted tliat most of the waters used contain large amounts of 
minejral matter in solution. This is due to the fact that they have been 
pumped from the pits, the usual source of the water used in coal washing. 
These pit waters are almost invariably found to contain much dissolved 
mineral matter, especially chloride of sodium ; for instance, the water from 
one pit in the South Yorkshire Coalfield contained 10,820 parts of this 
salt per 100,000, although, of course, this water was not being used for 
coal washing. Similar soluble mineral matters are dissolved from the coal 
in the process of washing, and in thirty-two analyses of effluents the 
amount of chlorides present Inis been found to vary from 5 to 906 parts' 
per 100,000. Several effluents were tested for arsenic, but none were 
found to contain it. 
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At one time the water from the washers was frequently discharged to 
the streams without treatimiiit, hut any such discharges now taking place 
must ho the result of accident or gross carelessness. The colliery owners 
arc now, for the most part, fully alive to the loss of good coal when the 
water is allowed to escape direetly from the washers, and take good care 
to prevent it. Recently, indeed, at several collieries, special washers have 
heen pft)vided for re- washing the sludge escaping from the primary washers, 
so that the coal in it may be ]*ccovered and made into coke. 

The solids in sus])ension in the water from the washers are usually 
capable of rapid settliMuent. Sometimes, liowever, the waste waters 
contain very finely divid(Ml clayey matters which only settle with difficulty, 
but this can be met by t he addition of small quantities of lime water (see 


Taiu.k III. 

COAL-WASlIINd WATERS ItEFOKE AND AFTER USE. 
{AV,svd/s‘ ('.rprcs'ial in parts per 100,000). 


Sample. 

Total 

Solids in j 

Suhpeiifaiun i 
(dried at lOOM* ) 


.Solids 111 .Solution (dried at 100“ C.). 


Solidb. 

'J'otal , Ash Total 

Ash. 

Siliceous 

Matter. 

Calcium 
Salts 
(as CaO). 

Ma^fiiesium 
Salts 
(as MkO). 

Chlorides Sulphates 
(asNaCI), (as SO3). 

1 

Water iKsed . 
From wuBlier 

78-27 

S4()*ll(i 

, 78-27 

201 -SO 01 bO 548 20 

71-42 

402-20 

1-25 

-2-00 

11-10 

37-86 

8-00 

18-82 

14-04 

444-28 

22-85 

32-42 

Water uwed 
From washer 

120-28 

4,f)(H)-42 

1-20-28 

4,:U.5-28 20(1-00015.5-14 

112-00 

141-00 

0-91 

0-71 

15- 01 

16- 73 

12-37 

10-70 

23-42 

60-37 

40- 60 

41- 27 

Water used . 
From washer 

180-04 I 
1-2,845-80 ! 

ISO 04 

1-2,180-80 3400 4;< 8.50 00 

1.51-00 
333 00 

0-4') 

0 60 

21-04 • 
23-37 

1 15-54 

14-41 

19-28 

196-14 

66-07 

69-42 

Water used . 
Froiu washer 

28-24 

14,022-42 

‘28-24 

11.074-00 2017:15 218 42 

0-24 
243 21 

0-15 

0-80 

4-15 

10-07 

; 1-50 

. 2-08 

1 

6-28 

205-14 

7-27 

‘21-97 


Patent No. 763, 191 1, W. Mel). Mackey), as iii*the sedimentation of china 
clay in the manufacture of porcelain. 

As has been ])r(;viously described, the modern practice is to circulate 
the water for re-use, and the claim is often made in the case of new washers 
that there will be no discharge of dirty water from them. In the anse of 
even the best washers, however, at times when they are stopped, say for 
repairs, the wat(;r they contain must be discharged, and settling tanks 
must therefore be provided to contain this quantity of water. In most 
cases, and especially if tine clay or salt is washed out of the coal, a constant 
escape of surplus water must be anticipated, and, at frequent intervals, a 
discharge of all the water in the washer for cleansing purposes. There is, 
moreover, generally a (juantity of dirty water draining away from the 
waggons of wet coal or dirt. 

An accurate estimate of the (piantity of water used is very difficult to 
obtain, and few colliety proprietors have been able to furnish it. It has 

2 
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been variously estimated at from 600 to 2400 gallons per ton of coal 
washed; while to the Royal Commission of 1868 it was sljated by one 
witnesi^ (Fifth Report, vol. 2, p. 187) to be 600 gallons per ton, and by 
another (p. 1120 gallons. 

In one case in which the water is mostly re used the information has 
been obtained that 990 gallons of water which has passed through the 
washer are pumped back for re-use for every ton of coal washed, v^ile alf 
the same time 1115 gallons of clean water per ton are pumped into the 
washer. Some of this latter quantity will be absorbed by the coal and 
dirt removed from the washer, since small coal when washed will retain 
some 10 to 15 per cent, of moisture, so that not more than 100 gallons 
per ton will escape and retpiire to be purified. These figures give a total 
quantity of 1125 gallons of water rcipiired to wash a ton of coal, and 
one-eleventh part of this as final etHnent. In another case, where also 
most of the water is re-used, 1 25 gallons of clean water are pumped into 
the washer for every ton of coal washed, but no estimate can be obtained 
of the amount of dirty water re-used. 

For the ])urification of this kind of refuse the means adopted are 
almost invariably in the form of settling tanks or ponds. The 1868 Royal 
Commission (Fifth Report, vol. i, p. 45) recommended that subsidence 
tiinks shoukl be provided of such a size that the waste waters can remain 
at rest for six hours ; but the method of continuous flow settlement is 
now almost invariably adopted, when the tanks should have a capacity 
equal to half a day’s maximum flow (cp. Royal ComniissioTi on Sewage 
Disposal, 189<S, Fifth Report, p. 229), and should be in duplicate to 
permit of cleansing. In certain cases, where much clay escapes with 
the coal-waslung watfr, or an exceptionally pure efhuent is necessary, 
some form of straining filter may also be re(]uired, and tins is usually 
made of fine coke breeze or furnace clinker, materials which arc plentiful 
at every colliery. 

The following diagrams ^Figs. 2 and 3) show the kind of works which 
have been constructed. They recpiire very little explanation. The first 
figure is that of a plant from which there is an effluent regularly dis- 
charged, and the second of one from which there is usually no effluent to 
the st|;.eam. The effluent in the former case comes from a washer dealing 
with 80 tons of coal per day, and has been frequently practically free from 
suspended solids : in the second case the washer deals with 400 tons of 
coal a day ; so that one may be considered a small plant and the other 
comparatively large, the average capacity of washers being about 300 tons 
of coal per day. 

Mr Mackey, whose description of coal washers has been quoted above, 
has devised a patent plant (Patent Nos. 11,410, 1905, and 1327, 1911) 
for the removal of finely divided suspended matter from a liquid, and has 
applied this to the treatment of coal- washing water with the double view 
of clarifying the water for re-use and recovering the solids so that they 
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can be miied with the washed coal. This plant is a modified form of that 
shown in Fig. 22 {p. 140). 

llesnlts of the treatment of coal- washing waters are given ki Table 





IV., bnt it must bo borne in mind that in the most satisfactory cases, 
as has already been stated, all the water is constantly re-used, and none 
escapes to the streams. 

It will be noticed that the elHuents in Table IV., although usually 
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satisfactory in regard to the anioiint of solids in suspension, contain large 
quantities of solids in solution, which in some cases might extremely 
detrimental to the use of the water, say in the textile industries. For 
such use it might be necessary to adopt some softening process. 

In order to safeguard the streams and to recover as much water as 



Section A-B 


— ScoU oF Fett — 





Fig. 3.— Works for treating Coal -washing Water for re-use. 


possible it is advisable at every colliery to have final settling tanks or 
ponds situated as low as circumstances will permit, so as to be available 
for the interception not only of the surplus water from the washers, but 
also of the surface drainage from the whole of the colliery premises. 
These ponds can readily be constructed by forming banks across a small 
valley or around a flat area with the spoil from tFle pit. The waste 
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waters, when turned irito such a pond, will percolate through the banks, 
and, thus filtered, may be made fit to discharge to a stream or to be re-used 
at the colliery. When the pond becomes full of settled solids its banks 
can easily be raised by further tipping, fn some cases ponds of this kind 
have been made a cpiarter of an acre in area and with banks 25 feet 
high.^ 

It is gratifying to find that the measures of purifi(iation adopted by 
colliery proprietors have resulted in a great saving to them. When the 
dirty water from the washers was discharged untreated to the streams, a 
much larger (quantity of water was lu'.eded for washing the coal, and it 
carried with it a large; amount of good coal in suspension, amounting 


Taiii.e IV. 

OOAh-WASllINCi WATERS AFTER TREATMENT. 


{lirsnlts tM'pressf-tl in parts jier 100,000), 


'fotal 

Solids. 

Solids in Siis|H‘nsioii 
(dried at 100“ (1.). 

Solids in 
(dried at 

Solution 
100“ C.). 

Hardness (in terms of 
CaCO;,). 


Total. 

Ash. 

Total. 

Ash. 

Total. 

Terint. 

Teinpy. 

412 ’00 

4-80 

1*(50 

407-2 

346-4 




340*00 

2-00 

1-00 

338-0 

314-0 




20(5*90 

1-90 

1-90 

205-0 

175-0 




180*60 

2-60 

1 *00 

178-0 

164-0 




954*10 

4-10 

3-10 

950-0 

822-0 




309-30 

5*70 

4-fO 

.303-6 

276*4 




368-80 

0-80 

0*48 

.368-0 

346*0 

• 



543-08 

1*88 

0-56 

541-2 

467-2 ! 

2-21-8 

196*0 

25*8 

244-00 

2*00 

1 *52 

242-0 

218-6 i 

90-1 

59-0 

31-1 

(525-00 

3*70 

3*00 

621-3 

528-3 

228-5 

185-7 

42*8 

293-68 

1*68 

1 1-12 

292-0 

2(58-4 

110-5 

59-0 

61*5 

268*92 

3*52 

2-24 

265-8 

235-2 

• 

56-0 

45-7 

10*3 


in some cases to 200 tons per week. This coal is now almost always 
recovered and mixed with the washed coal. Where this is not done it 
can be used for burning in the colliery furnac-es. It has also been pro- 
posed to form it into briquettes, either by itself, or mixed with •sewage 
sludge or some form of petroleum refuse;, and to use it in a Mond or 
similar apparatus for the production of gas and ammonia. 

Coke Quenching, Manufacturing Gas, and Recovering Bye-products.— 
Although these processes are now in use at a largo and increasing number 
of collieries, they are more freciuontly found in connection with public 
gasworks, and the gas liquor arid bye-products are often manipulated by 
chemical manufacturers. The waste liquids discharged do not therefore 
concern the coal trade alone, and can best be dealt with in a separate 
chapter, in which are grouped all the polluting processes relating to the 
manufacture of gas. • 
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CH.MTKU III. 

COAL GAS MANUFACTURE. 

Extent of industry— Coke queneliinj; — Rc^coverinj^ byc-jn-odiicts — Gas liquor — Benzol 
recovery — Spcuit gas liquor — Law dealing AVith clieinical refuse — Methods of 
}iurificatioii — Fowler’s method — liailehlfe’s nietliods—C Jro.ssinann’s method — Wyld’s 
metliod — Use of ozone — Other nielliods of disjiosul— Eva]K)ration — “Direct’’ 
]) recesses of recovering ammonia — Koppers’ process — Otto-Hilgenstoek process — 
Simon-Carvea plant—Storing gas—Power gas— Suction gas— Biol lograjdiy. 

Tnw (liKtiUatioii of coal, wLotlior primarily for iho priKl\\ctit)n of gas, as 
at gasworks, or fortlu; in ami fac. lure of cok(', as in coke ovens, is a groat and 
increasing industry. Talile V., abstracted from tin* Home Office Report on 
Minex and (Jtian'i'ea for HUO, Uart 3, j). '2'2i, shows the annual production 
in the United Kingdom of coko at gasworks and at coke ovens during 
1909 and 1910. 

Taiilk V. 



1 

Coal Us('{l ill 

Coke Olilaincd (Tons). 

YtM\ 

Mainififoture of Coke 






(Tons). 

At (Jasworks. 

At Coke Ovens. 

1909 

34,514,673 

7,370,598 

11,496,551 

1010 

34,964,208 

7,406,346 

11,925,116 


In the older process of coko manufacture, the ovens used are all of the 
“ beehive ” type, in whicli no Jittompt is made to recover tlio gas produced, 
but those are gradually being replaced by patent ovens of various types, 
the gas from which is utilised and its bye-products recovered. The number 
and kind of ovens in use in the United Kingdom are shown in Table VI., 
which abstracted from the above Heport, p. 224. 

Coke Quenching.— At all gasworks and at collieries where coke is 
produced, whether in beehive or patent ovens, water is required for 
quenching the hot coke. At ordinary gasworks the coke is usually spread 
out on a stone floor and cooled with water, played upon it from a hose. 
The amount of water which escapes is generally not large, but there 
may be some excess, and this may carry with it suflicient tine coke in sus- 
pension and dissolved impurities to render it unfit to cfischarge to a stream 
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(see Table VII.). In the case of collieries where beehive ovens are used, 
the quenching^ usually takes place in the oven itself, and the whole of the 

water is generally evaporated. e 

The coke produced in patent coke ovens is sometimes also quenched by 
water from a hose, but, as the coke bench upon which the hot coke rests 
usually slopes considerably, the amount of water which escapes may be 
Itfrge. More especially is this the case when a mechanical quencher is 
used. This is an apparatus in the form of a hood, und('r which the hot 
coke is pushed as it emerges from the oven, and from the inside of which 
water at a high pnsssure is direebid upon the coke from a number of jets. 
When this method of quenching is adopted nearly a ton of water is 


Taulk VI. 


Kind of Oven 


Beehive 
Coppee 
Simon Carves 
I Semet-Solvay 
1 Otto-1 lilgenstoch 
Kopl)ers 
Simplex 
Huesseiier . 
Bauer . 

Collins . . 

Mackoy-Soyinoui*’. 
Other kinds 


Total . . 24,182 22,983 


used for e.very ton of coke, and of this amounff nearly half a ton escapes 
evaporation and drains away, but this can be caught and re-used, so that 
there is no need for any coke-qucnching water to be dischai'ged as refuse. 

The escaping water contains, as has been stated, a large amount of 
finely divided coke in suspension, as well as some matters in solution 
which have been extracted from the coke (see Table VIL). It must not be 
assumed that the solids noted in these analyses of coke-quenching waters 
have all been extracted from the coke, for on comparing them with the 
amounts in the waters used it is evident that the latter contained much 
solid matter in solution. The suspended coke deposits readily in settling 
tanks, and the liquid remaining is usually pumped back for re-use. The 
settling tanks should be made largo enough to hold at least four hours’ 
maximum flow and should bo in duplicate to allow of cleansing, and the 
overflow from these tanks should be received in a storage tank from which 
the water can be pumped back. If any impure liquid, such as that from 



Number in Uso. 


1909. 1910. 


17,393 16,037 

l,9f^9 1,991 

1,143 1,140 

842 1,055 

948 1,025 

408 507 

256 334 

239 249 

52 52 

46 45 

32 32 

86.5 a 616 
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ammonia stills, is mixed with the coke-quenching water, then care should 
be taken that all is continuously re-used. Where clean ^yater only has 
been jised for quenching, the effluent from the settling tanks can be entirely 
freed from suspended matters and tarry particles by being strained through 
a fine bed of coke or a filter of wood shavings, and may then be used for 
any of the colliery purposes, or may even be discharged to a stream with- 
out detriment ; but, as has been shown, the process consumes large 
quantities of water and there is therefon* no need to allow any to escape. 


Taule Vll. 

C0KE.QIJENC1TIN(! REFUSE. 
{/icsuf/s ('j/‘prrsmi iu /xtrts per 100,000.) 


Nature of 
Sani]»lf. 

Total 

Snlids. 

Solids in Sus- 
pension (dried 
at 100 C ) 

Solids in Solu- 
tion (dried at 
100“ C.). 

Oxygen ah- 
Bori)ed from 

perman- 

80 

ganate in 

Hardness (as CaCU^). | 







four hours 






Total. 

Asli. 

'I’otal. 

Ash. 

at 20 7 C. 

Tot'll. 

1‘ennt. 

jTempy. ; 

From gasworks : 









! 1 

Crude 

41 5 

10-4 

3-6 

31-1 

10-4 

1-00 

25 1 

19 4 

5-7 

Crude 

100-0 

ir>-o 

0-4 

8r)-o 

61-6 

2-48 

41 4 

40-8 

06 

Settled . 

00-C 

1-0 

1-1 

68-0 

56-0 

0-.52 




From coke ovens : 









1 i 

Water used 

141-0 



141-0 

130-0 

0-1*9 



1 .. ' 

Crude 

2207-0 

2034-0 

702 8 

173 0 

159-0 

11-84 




Water used 

708-1 

1-9 

0-9 

796-2 

044-4 

0-04 

110-9 

83 5 

I 27 '4 ; 

Cnule 

907-4 

119-0 

C4-4 

877 -S 

755 2 

3-60 

133 1 

133-1 

0 0 

Water used 

200-2 

0 2 

0-2 

206 0 

184-4 

0-14 

31 9 

18-0 

! 13-3 

Crude 

908-3 

008-9 

, 167-7 

239-4 

215-2 

f 22-4.5 

.59-7 

39-8 

1 19 0 

Settled 

009 0* 

0-8 

8-8 

502-8 

443-8 

1 43 




!» 

117-7 

19-7 

15-6 

98-0 

85-0 

0-80 

40-7 

87-0 

; 3T 

M . . 

181-0 

J-9 

0-0 

179-6 

121-5 

2-20 

73 4 

08 0 

5-4 


Recovering Bye-Products. In the manufacture of gas large quantities 
of “gas liquor” are produced. It was at first looked upon entirely 
as trade refuse, but its treatment for the recovery of the ammonia 
it contains was soon undertaken, and this ammonia now yields a very 
considerable profit. The works at which ammoniacal liquor is produced or 
dealt with are cither ordinary gasworks, or the premises of chemical 
manufacturers, patent coke ovens, blast furnaces, shale-oil works, or 
works whore gas producers have been installed. 

In many of the larger gasworks a plant is provided for the distillation 
of the ammonia from the gas liquor, but fortunately in the great majority 
of gasworks the li(|uor is not manipulated on the spot, but is stored and 
sold to chemical manufacturers. This greatly reduces the number of 
polluting discharges, although it does not lessen the quantity of polluting 
liquid discharged. 

Within the last few years patent coke ovens have been introduced at 
many collieries, and fiom these the gases are recovered, and incidentally 
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large quantities of gas liquor are produced, which are invariably distilled on 
the premises. ^ Another source of somcwliat similar pollution which may 
increase in the near future occurs in connection with the manufactqyo of 
power gas (see p. 44). 

At blast furnaces where coal is the fuel used, as is generally the case 
in Scotland, much gas escapes from the furnaces, and this is waslicd for 
tWfe recovery of its ammonia. At works where sliale is distilled for the oil 
it contains, gas liquor is also produced, and is treated like that from 
gasworks. 

The increase in the (piantity of gas liquor produced, which has been 
very great in recent years and will be still greater in the immediate future, 
is thus little dependent upon the manufacture of gas for illuminating 
purposes, but is flu(‘ first to more ec^onomical methods of manufacturing 


Taiu.k VIIT. 


Sulplmle of Aiuimniia (tons) Annually Produced. 


Source, 



1898 

1900. 

1902. 

1904. 

1906. 

1908. 

1909. 

1910, 

Gasworks . 

129, .590 

14^,419 

150,055 

150,208 

157,160 

165,218 

164,276 

167,820 

Coke ovens 

5,403 

10,393 

15,352 

20,848 

43,677 

64,227 

82,886 

92,665 

Shale works 

37,201 

37,267 

36,931 

12,486 

48,634 

53,628 

.57,048 

69,118 

Iron works . 

17,935 

16,959 

18,801 

19,. 568 

21,284 

18,131 

20,228 

20,139 

Producer gas and cjir- 









bonising works (bone) 

6,165 

6,688 1 

8,177 

12,880 

18,736 

24,024 

24,705 

27,850 

Total . 

196,357 

• 

213,726 

229,316 

21.5,990 

289, 3*] 

325,228 

349,143 

367,587 


coke, in which the gases which were formerly burned to waste are now 
recovtii’ed and treated foi* the separation of ammonia and other bye- 
products, and secondly to the increasing mamffacture of gas to be used 
either as fuel for boilers or directly for power production in gas-engines. 

Table VIII., abstracted from the Annual Reports of the Chief Inspector 
of Alkali Works, will give some idea of the rate at which the production of 
gas liquor is increasing. It shows the annual production of sulpl^te of 
ammonia from various sources within the United Kingdom. 

Gas liquor is pnjduccd in the dry distillation of coal, or, in other words, 
in the conversion of coal into coke, in two ways. When the coal is heated 
in retorts or closed chambers it gives off a large quantity of gas and 
vapour, which is received from the retorts into a hydraulic main, and there 
tar and gas liejuor are condensed. The gas passes on through coolers, 
usually formed of serpentine pipes cooled externally by air or cold water, 
in which more tar and gas liquor separate. The gas is then passed 
through a tar extractor, usually in the form of baffle plates upon which 
the tar collects. Thi mixed tar and gas liquor are run into a general 
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storage tank in which they separate into two layers, a lower of tar 
and an upper of gas liqiK)r, and from which they are ta,ken separately 
for fyirfcher manipulation. 

The gas from which the tar and gas liquor have condensed is rich in 
ammonia, for the recovery of which, as well as for the purification of the 
gas, it is passed through a scries of towers called “scrubbers” or 
“ washers,” where it meets a spray of water. Tliis absorbs the ammoffia 
and, at the same time, a large numlH^r of tarry mattm’s and sulphur 
compounds, and is then also known as gas liquor. It is usually also run 
into the general storage tank. 

In order to reduce the (juantity of water used and to produce a 
stronger gas liejuor, as well as to dissolve the fixcul ammonia salts out of 
the tar and to keep the tar moving, part of the water from the scrubbers 
is often pumpc'd instead of clean water into the hydraulic main to form 
the water seal, and by proper management a further great reduction 
can be economically eftected in the amount produced in the scrubbers. 
These are usually arranged in a series of three, through which the gas is 
passed consecutively, and by using clean water in the last of the series, 
pumping it up for r(!-use in the s(‘cond, and again, as it escapes from the 
second, pumping it up to the first, the amount of water required is at once 
reduced to a third, while at the same time the gas liquor is proportionately 
stronger. 

Gas licpior, whether obtained from the manufacture of gas in gas- 
works, or as a bye-product from other processes, contains ammonia in 
two forms, free, and fixed in combination with acids. This ammonia is 
recovered by distillation in two stages, the Ihpior being first heated by 
itself, by means of liv(i stcjarn, when the free ammonia and a certain 
amount of volatile ammonium salts escape, and afterwards with the 
addition of lime, which sets free the ammonia which htis been combined 
with the stronger acids. The gas Ihpior from blast furnaces and shale-oil 
works contains so little fixed ammonia that it is generally distilled with- 
out the aid of lime. The ammonia escaping from the still is passed into 
strong sulphuric acid in a “saturator,” where it is seized upon by the acid 
to form crystals of sulphate of ammonia. 

Xhe hot vapours which pass from the still through the acid arc cooled 
and condensed in a series of pipes into a grossly polluting liquid which is 
known as “devil water.” This liquor is sometimes discharged as refuse, 
but is generally, and should be always, returned to the storage tank for 
gas liquor and circulated again through the still. The bulk of the refuse, 
however, comes from the still, being the spent gas li(pior after the ammonia 
has been driven off, along with the lime which has been added in the 
process of distillation. Modern stills are always so constructed that the 
crude gas liquor is continuously entering at the top, and the spent liquor, 
with the spent lime, escaping at the bottom. Other subsidiary polluting 
discharges, such as occur from leaky pipes, surfif>ce drainage, and the 
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spilling of tar and oils, are only small in amount and can readily be 
prevented. • 

One such subsidiary discliarge in the case of some patent coke Ofvens 
may be specially mentioned. The gas, after passing through the washers 
where the ammonia is dissolved out by water, is very rich in benzol, which 
, forms another valuable bye-product. This is extracted by passing the 
gas through a scrubber in which Lir oils (creosote) are used instead of 
water, because benzol is soluble in the former but not in the latter. This 
solution of benzol in creosote is distilled like the gas liquor, first with the 
aid of a current of live steam, and finally by means of heat applied by a 
steam coil, which drives over the benzol mixed with the vapour of water. 
These in condensing sejiarate into two layers, an upper of benzol and a 
lower of water, and the water, although fairly bright and clear, is still 
grossly })ollnting, and quite unfit to discharge to a stream. It contains, 
however, a tionsiderable junonnt of ammonia, and can with advantage be 
run into the gas-li(pior tank, iis is done in some cases, or can be used for 
the absorption of further ammonia in the washers. The tar oils from 
which the benzol has been distilled are re-used for the absorption of more 
benzol, and are too valuable to be discharged as Ikpiid refuse. When 
they become too highly charged with impurities to be fit for re-use, they 
are sent to the tar distillers for rcdistillation. 

The spent gas li<]uor leaving the ammonia stills is a light brown liquid 
of a temperature of some 100 ' 0., turbid with particles of spent lime and 
tarry matters, and having a peculiar offensive smell. From the presence 
of the lime, it is strongly alkaline and exceedingly hard. Most of the 
lime settles readily, leaving a comparatively clear liquid, the chemical 
composition of which is somewhat complex. It is sufficient for the purpose 
of showing its polhiting character to say that it still has a brown colour 
and an offensive smell, and contains large amounts of acidic and basic tar 
oils and noxious sulphur conqmunds, that the oxygen it absorbs in the 
permanganate test is exceedingly high, and the hardness, partly temporary 
but chiefly permanent, very marked. Analyses of both crude and spent 
gas liquors are given in Table IX. 

The effect of a discharge like this upon a small stream is disastrous, 
the water being rendered poisonous to fish and cattle, offensive dnd 
^ discoloured, and unfit in fact for any of its ordinary uses. Moreover, the 
great capacity of the refuse for absorbing oxygen is very detrimental to 
the stream in preventing the self-purification which goes on in all streams 
under ordinary conditions. 

The law relating to this form of pollution is clear and distinct. By 
common law a riparian owner has the right of receiving the water of a 
stream in its original state of purity, and can take action to stop the 
discharge of any polluting matter into the stream, unless the person 
causing such a discharge has accpiired a right by prescription or otherwise. 
In the Rivers Pollutiorf Prevention Act, 1876, such pollutions are dealt 
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Alkalinity (as I 
CaCQh). I 


Oxygen absorbed I 
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with ill the same way as those eauscd by any other manufacturing process. 
The Vuiilic Health Ac.t, 1875, is much more drastic; Section 68, following 
the H.;s works Clauses Act, 1847, says that: 

“ Any ](em)u engaged in the manufacture of gas who-~(l) Causes or suffers to 
be brought or to iiow into any stream reservoir aqueduct pond^ or place for 
water, or into any drain or jape communicating therewith, any washing or other 
substance produced in making or supplying gas ; or, (2) Wilfully does any act 
connected with the making or siqqdying of gas Avhereby the water in any siicli 
stream reservoir aqueduct pond or jilace for water is fouled, shall forfeit for 
every such offence the sum of two hundred ])onnds, and, after the expiration of 
twenty-four hours’ notice from the local authority or the person to whom the 
water belongs iu that belialf, a further sum of twenty pounds for every day 
during Avhicli the ollenoe is continued or during the continuance of the act 
whereby the water is fouled. . . 

Tho law with regard to the admission of this class of refuse to sewers, 
although not so emphatic, is such as to render it very doubtful if the 
admission could 1)0 enforciHl, Although Section 7 of the Rivers rollution 
Prevention Act, 1876, provides that facilities shall be given by a Local 
Authority for draining trade refuse into public sewc'rs, the provisoes are 
such as almost certainly to take away any such right thus to dispose of 
chemical refuse. Besides, Section 17 of the Public Health Acts (Amend- 
ment) Act, 1890, wliich is an adoptive Act, contains the following : — 

“Every ])erson who turns or permits to enter into any sewer of a local 
authority or any drain connecting therewith — 

“(«) Any chemical refuse', . . . which, either alone or in combination with 
the sewage, causes a nuisamio or is dangerous or injurious to health, shall be 
lialde to a penalty not exceeding ten ijounds, and to a daily penalty not exceed- 
ing live ixuinds.” 

To comply fully with tho law on the subject, therefore, it would seem 
to be necessary to prevent entirely the discharge of any spent gas liquor 
into a btrcaiu or sewer ; and it is towards this result that most successful 
efforts have been made, and, us will apjiear later, with profit to the colliery 
proprietors. 

As a guide to the amount of spent gas liquor prod need in tho distilla- 
tion of coal, the following hgures, estimated on the dry coal converted 
into coke iu coke ovens, may be given : — 


Water of combustion 

1 to 6 }>er cent., 

or 

9 to 14 

gallons per ton. 

Moisture iu coal 

10 to 15 

)» 

>> 

22 to 33 

M 

)) 

WatSr from scrubbers 

15 to 20 

„ 


33 to 45 

»> 

JJ 

Steam for distillation 

8 to 10 



18 to 22 


>» 

Lime water added to stills 

10 


n 

22 

)5 


Totjil 

47 to 61 

j) 

i» 

104 to 136 


»> 


Thus a battery of forty coke ovens, turning into coke some 200 tons of 
coal per day, will roughly yield 25,000 gallons of spent gas liquor per day. 

It has been pointed out that by using water from the scrubbers in the 
hydraulic main and by resorting to the counter-current principle in 
washing the gases, the volume of gas liquor can be greatly reduced. The 
spent gas liquor can to some extent be used up for^ preparing the milk of 
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lime which is introduced into the stills and for filling the seal pots of the 
scrubbers and tar extractors. 

The purification of this kind of refuse has been a problem difiknlt to 
solve. It is easy, by the use of simple settling tanks, to get rid of 
suspended solids, but these, although objectionable, are innocuous compared 
with the matters in solution. It has been shown by Gilbert .1. Fowler, 
ffSo., I.C. (Jonrit. Sor. hid., 1911, vol. .30, pp. 174, 180, 181), 

at Broughton Boa<l Gasworks, Manch(‘,ster, and at Frizinghall Chemical 
Works, Bradford, that the liipiid when diluted is amenable to treatment 
on biological filters, siudi as are described in Chapter XL p. 261). He has 
constructed a percolating lilter of somewhat coarse material, 6 to 9 feet 
deep, and prepared it ('ither by using material which had previously 
foriiK'd part of a sewage filter, or by ripening the filter by the application 
of a weak sewage until nitrification was induced. To such a filter he has 
applied the spent li(|uor fnun gasworks, clarified by settlement and diluted 
to ten times its original volume, either vith clean water or with the filter 
eflluont, at the rate of 100 gallons of the dilute liquid per square yard per 
day. The results of this treatment are shown in Table X., where it will 
be seen that the jirocess effects a very marked reduction in the oxygen- 
absorbed figure, whil(‘ the sulphocyanides and phenols are also greatly 
reduced ; but it must be borne in mind in considering the first series of 
analyses that part of tin' ajiparent purification is due to dilution with water. 

Dr Fowler has succeedtHl in isolating a special organism which 
apparently has the power of oxidising phenol {Proc. Roy. Soc., 1911, B. 562, 
and Jour,;. Soc. (dicia. hid., 1911, vol. 30, p. 174). Bacteriological 
examination shows that although, as might be expected, the spent liquor 
coming from the stills is sterile, the effluent from the filtcir teems with 
bacterial life, sometimes containing as many as 320,000 bacteria per c.e. 

The cost of carrying out this process is considerable, 2 to 3 cubic yards 
of filtering matei'ial bt'ing recpiired for every 10 gallons of the crude refuse 
produced daily. Thus, for a battery of forty ovetns yielding 25,000 gallons 
of spent liquor daily, over half an acre of filter 6 to 9 feet deep would be 
required, and even after this purification, which is greater than has been 
attained by any other process, the liquid would still deleteriously affect 
a pure stream of small volume. It could, however, be used for iiany 
colliery purjioses, such as coke quenching and coal washing. 

Other methods of purification have been tried or suggested at various 
times. At Sutton and other })lace8 where spent gas liquor was discharged 
into the sewers and found to interfere with the treatment of the sewage, 
Mr Iladcliflfe of Barnet introduced a method of precipitation with sulphate 
of copper in order to elitninate the sulphocyanides. In this process the 
refuse is settled to deposit suspended lime salts and is then treated with 
a solution of sulphur dioxide and calcium bisulphite made from the 
gases leaving the saturator. A solution of copper sulphate is next added 
to bring about a precipitation of cuprous sulphocyanide, which can be 
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recovered by settlement, dried, and sold. This process reduces the 
amount of phenols present and produces an effluent which apparently 
does not interfere with the treatment of sewage with which it fflay be 
mixed; it is said, in fact, to favour the growth of bacterial life. The 
effluent cannot be considered sufficiently pure to be discharged into a 
stream, but Mr Radcliffc claims that it might be used at a colliery for 
such purposes as coal washing and coke quenching. 

At Cambiislang Gasworks another patent plant by Mr Kadcliffe has 
been introduced in order to purify the gas li(}uor so far that it can be 
received into the public sewer and dealt with at proposed sewage works. 
The spent gas liquor is allowed to trickle down through a tow'cr, up which 
the waste gases which escape from the saturator are allowed to pass. The 
effect of this treatment is stated to be “ to precipitate free lime in solution, 
to decompose plieiiylate and crosylate of lime and cyanogen compounds, 
also the precipitation of soluble organic matter in solution.” Into a lower 
and separate compartment of the same tower steam and air are blown to 
aid oxidation and to carry off some of the volatile impurities. The waste 
gases from the upper compartment are carried on to an ordinary oxide 
purifier, whilst the vapours from the lower compartment are conducted to a 
fire, where they are destroyed. The spent liquor after being exposed to the 
gases is conveyed to settling tanks, where the lime and suspended solids 
are removed, and passed through coke strainers to the sewer. It is 
claimed that the resulting purified effluent when added to sewage in a 
proportion not exceeding 15 per cent, increases bacterial growth, thus 
assisting the purification of the sewage. It is also claimed that at coke 
ovens such an effluent, like that from Mr Radcliffc^’s other process, may 
be used for quenching coke, and some of it for steam raising, gas scrub- 
bing, and other puiq)oses. 

A modification of this plant has been erected by Mr Radcliffc at Enfield 
Gasworks and at Wellington Gasworks, the effluents being also discharged 
into the sewers. In this modified process acid w added to the liquor as it 
enters the aerating compartment in sufficient proportion to set free the 
sulphocyanic acid present. This is carried over by the injected air and 
condensed in a receiver. Mr Radcliffc claims that by this method he can 
remove all solids in suspension, all free lime, all hydrocyanic acid, ?T) per 
cent, of the sulphocyanides and 60 per cent, of the solids in solution, and 
can reduce the oxygen-absorbed figure by 75 per cent. 

J. Grossmann, Ph.D., F.I.C., in considering methods for preventing a 
discharge of spent gas liquor from the manufacture of sulphate of ammonia, 
suggests (Journ. Soc. CJiem. Ind.y 1906, vol. 25, p. 411) that the gas 
liquor should be distilled without lime and the effluent from the still 
re-used in the scrubbers until it becomes sufficiently charged with fixed 
ammonium salts and cyanogen compounds to render their recovery profit- 
able. He has also suggested the use of dilute sulphuric acid inst^ of 
water in the scrubbed and the circulation of the acidified sulphate of 
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and then other means of disposal must be adopted. The spent liquor is 
used, mixed Vith other water, for washing coal, but has sometimes^ caused 
trouble in certain types of washer by frothing. At many collieries the 
refuse is used for slaking or quenching the hot coke as it is discharged 
from the ovens. Objections to this course have at times been suggested. 

has been said that this use of the liquor makes the outer surface of the 
coke dark in colour, spoils its bloom, and so depreciates its value; but 
after careful inquiry the general opinion is found to be that it makes no 
difference to the users whetlicr the coke has been quenched with spent 
gas li(pior or with clean water. Any objections which formerly were 
taken to the dark colour were sentimental and are now rajadly dis- 
appearing. The same objections were in fact formerly raised with regard 
to any coke produced in patent coke ovens, since it is not so bright and 
lustrous as that produced in the old beehive ovens. 

Another suggested objection is, so far as the ])ublic are concerned, a 
much more serious one : it is that such a liquor, when evaporated into 
the atmosphere, may be injurious not only to human beings but to other 
animals, and to vegetation. This would apply with equal force to any 
method by which the refuse is evaporated, whether on the hot coke, on a 
burning spoil-bank, or in a special furnace, but careful impiiries have failed 
to show any effect either upon the health of the workers on the spot or 
upon that of the inhabitants of the country around. The chemical refuse 
so evaporated prodiKios, no doubt, a certain amount of objectionable smell, 
but this is altogether insignificant when compared with that produced by 
the fumes of steam and sntoke which are discharged from every battery 
of coke ovens, or from a burning spoil-bank. * 

Direct evaporation of the chemical refuse in furna(;es of special con- 
struction has been adojffed in several instances. This method of disposal 
has been in use at some of the blast furnaces in Lanarkshire and in 
Ayrshire for many years, the fuel being in thes« cases some of the surplus 
gas fiom the furnaces, of which there is always a considerable quantity 
wasted. It has also been brought into use at two collieries, one in the 
West Riding of Yorkshire and one in Derbyshire, at both of which the refuse 
is settled for the removal of the suspended lime, and then sprayec^ into 
hot furnaces, where it is evaporated and escapes by the chimney, leaving 
behind only a quantity of sludge, which is carted to the spoil-bank. 

At the West Riding colliery the furnaces have been built by the 
Simplex Coke Oven Co., Ltd., and are so constructed that they can be 
heated either with gas from the coke ovens or by means of solid fuel. If 
coal had to be bought for the purpose, the process would certainly be a 
very expensive one, although the spraying renders the evaporation more 
rapid than would be the case in an ordinary boiler ; but at a colliery with 
a coke oven plant there is always an ample supply of waste fuel as well as 
the surplus gas from tjie ovens. 

In t^jjs case 14,300 gallons of ammoniacal liquor are made daily and 
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distilled in the ordinary way, so that there are probably 18,000 gallons of 
waste li(|uor to be dealt with, and three evaporating fumace'k have been 
brought into use, of which one at least is always held in reserve. These, 
including a special cliinmey 80 feet in height, spraying apparatus, and all 
necessary accessories, cost <£1400 to build. 

Formerly waste tar and coke breeze supplemented by gas from tlj^* 
ovens were us(‘d as fuel, but now the furnaces are heated entirely by gas. 
As a result f)f this change, together with some improvements in spraying 
the gas li(|Uor, only one furnace is now recpiired, whereas two used to be 
constantly at work. The labour bill is also much reduced, as one man 
is now employed, and only for half Ids time, whereas two were formerly 
fully oc(Mipied. When the waste breeze and tar were being used as fuel 
the smoke from the chimney was at times considerable, but now nothing is 
seen but a cloud of steam. Formerly, the furnaces had to be relined at 
a cost of £20 each once in six months, and ‘wholly rebuilt every twelve 
months at a cost of £80 each ; now, they have been worked under the new 
system for six months and show no sign of deterioration. 

The arrangement of the plant is shown in Fig. 4. Each furnace is 
IT) feet s(juare and 15 feet high, made of red brick strengthened by iron 
bars. It is divided into four compartments by dwarf walls rising to 
within 2 feet of the roof. It was at first lined with firebrick, but 
experience has shown that red brick stands better, and now it seems that 
large slabs of sandstone are more durable still. The joints are the first 
to give way, and they are therefore made as few and as fine as possible. 
The great secret in preserving the lining of Jie furnace has been found 
to be to keep it constantly wetted, and the method of spraying has been 
improved with this object. The Ikpior is delivered through the roof of 
the furnace through foiir U-inch iron pipes, one for each compartment. 
Each pipe has a blind end, and the liquor escapes in a spray through 
sixteen horizontal slits (l^ inches long and yV inch wide) made by a saw. 
The gas is fed through four 2i-incb mains into that part of the furnace 
above the top of the dwarf walls, and the vapour escapes by the chimney 
flue, which is near the level of the floor. 

The liquor as it comes from the ammonia still is passed through two 
settling tanks having a total capacity equal to half a day’s flow, and from 
these it passes into a sump, from which it is pumped by a Worthington 
pump. The pumping arrangements are in duplicate, so that one set is 
always available should the other break down. The lupior is pumped into 
the furnaces through the above-mentioned pipes and is blown through the 
slits in a fine spray by the aid of a jet of steam. This steam is supplied 
to the furnace by a 1-inch pipe and injected into each delivery pipe 
through a -^Vincli nozzle. By this arrangement the licjuor is sprayed over 
the whole of the walls of the furnace, keeping them constantly Avetted. 
The bulk is evaporated and escapes up the chimney, while the residual 
liquor with the solids resulting from the evaporation falls to the floor 
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of the furnace and is drained back into the settling tanks. The sludge 
removed from these tanks, which includes the settled lime as well as the 
deposit from the evaporation process, amounts altogether to 25 tf>ii8 per 
month. As the furnace is liable to crack owing to the intense lieat, some 
of the residual liquor occasionally escapes into the foundations, and it has 
been found necessary to intercept it by a deep drain alongside the furnace 
on the lower side, and to convey it to a sump, from which it is pumped 
biick to the settling tanks. 

At these works the supply of gas is j)ractically unlimited, and no 
attempt has been made to economise in its use. It is estimated that about 
200,000 cubic feet per day are used, the gas having a calorific value of 
450 Il.T.U., but if some form of Jhmsen burner were introduced tliis 
(juantity could be reduced by 40 or 50 per cent. 

At the Derbyshire colliery 50,000 gallons of waste liquor are dealt 
with daily, and tlie total cost of the plant, including a special chimney 
and all the necessary accessories, was i&15.38. The fuel used is blast- 
furnace gas and waste gas from the ovens. 

In certain cases in Lanarkshire, in connection with blast furnaces, the 
refuse has been used for feeding steam boilers, but in tbese cases the gas 
liquor has been distilled without the aid of lime. The method is not an 
advisable one for dealing with ordinary gas liquor, unless it is subjected 
to some preliminary treatment to nunove the lime, and considerably 
diluted with clean water. 

The latest developments in coke oven chemical works seem likely to 
render superfluous all the foregoing methods of dealing with the gas 
li(|uor. At the least, they will reduce the volume i^^d alter the character 
of the refuse to be dealt with, making the problem much easier. In 
December 1908, Mr A. Victor Kochs read a paper before the Midland 
Institute of Mining, Civil, and Mechanical Engineers (“The Recovery of 
Bye-products from the Distillation of Coal, with Special Reference to the 
Konpers’ New Process,” Tntns. Inst. M.E., 1908, vol. 36, p. 326), describing 
the Koppers’ new process for the recovery of ammonia from coke oven gas. 
Instead of extracting the ammonia by washing the gas with water, it is 
obtained by passing the gas directly through sulphuric acid in the 
saturator. The hot gas leaving the hydraulic main is coolecf to a 
temperature of about 30” C. and passed through a tar extractor, so that 
the tar and gas liquor are condensed. The gas is then heated to a 
temperature of 65” C. and passed at this temperature into the saturator, 
from which it passes on to the ovens, reaching them at a temperature of 
40“ C. 

The bulk of the ammonia is thus taken up by the acid in the saturator 
directly from the gas, and there is no water used for scrubbing the gas 
and therefore no ammoniacal liquor from this source. But there is still 
the gas liquor produced from the original moisture of the coal and from 

the products of comlJustion, from which the ammonia must be distilled by 

% 
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the aid of live steam and lime. The figures given at one colliery are as 
follows: — The amount of wet coal turned into coke per day is 740 tons, 
containing 12*5 per cent, moisture (88 tons) ; the water produced in the 
combustion of the coal is 4*.‘16 per cent. (38 tons). The total possible 
(piantity of ammoniacal liquor is therefore 120 tons; tlic steam necessary 
for distillation 31 tons ; the moisture carried on in the gas 10 tons ; giving^ 
therefore a total quantity of waste liquor of 12(5 + 31-10 = 14? tons. 
This amounts to 22 per cent, by w^eight of the dry coal coked, or 50 
gallons per ton. It was stated that in the old jirocess, where the gas is 
scrubbed, a ton of water per oven per day is rc(piire(l for scrubbing, or in 
this case 1 20 tons per day, which would re(|uire another 30 tons of steam 
for its distillation, and would thus increase the amount of waste li(pior 
by 150 tons. By the new process therefore the amount of waste li(pior 
would seem to be decreased by over 50 per cent. 

If benzol is to be recovered, the gas as it passes from the saturator 
must again be cooled to 25“ or 30° (1. and scrubbed with creosote. If it 
is re(]uired for gas-engines or for lighting purposes it must in some cases 
be purified by the removal of sulphuretted hydrogem. 

The li(piid produced by this secondary cooling is not at all like that 
discharged from an ammonia still ; when freed from partich*.s of tar, which 
easily separate on standing, it is a pale yellow liquid and, as it contains 
no lime, it can be used, mixed with other water, for coal washing or coke 
quenching, or can bo evaporated by spraying it into the chimney of the 
ovens, in which way it is stated that as much as oiu' ton of li(]uor per 
oven per day can easily be dealt with. Eveq in an extren\e case, the 
amount would not be luore than this. Analyses of such liuuids are given 
in Table XI. 

A further development has been made by the Otto-Hilgenstock Coke 
Oven Coni])any, Ltd. In their new plant (see Fig. 5) the hot gases 
from the hydraulic main jjass straight into the sulphate liouse, the tar 
which has condensed in the gas-main being collected in a tar- trap. The 
rest of the tar is extracted from the gases by a somewhat peculiar method, 
hot tar being sprayed into the gas in a vc^ssel called a “ tar-spray.” A 
little water separates with the tar and is pumped into the hydraulic main. 
Any excess contains fixed salts of ammonia, and, being si.iall in amount, 
can ultimately be run into the saturator with the acid, or can be 
evaporated for the recovery of ammonium chloride. The gases leaving 
the tar-spray are still at a temperature above the dew-point, and the 
water vapour is therefore kept from condensing ; and without any further 
cooling the gases are passed through the acid in the saturator and thence 
directly to the ovens. A small amount of tar appears in the form of a 
frothy scum on the acid in the saturator, but this is easily skimmed off. 
The gases leaving the saturator have a temperature of 85° C., but, in 
passing along the gas-main, they become somewhat cooled, and this 
causes the condensation of a little refuse water. 
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This refuse, like that produced by cooling the gas in Koppers’ process, 
is not like that from an ammonia still, inasmuch as it contains no lime, 
nor, btcausc of the high temperature of the gas, docs it contain any 
sulphuretted hydrogen (see Table XI.). It can therefore be used, diluted 
with other water, for any of the ordinary purposes of the c.olliery, or, 
beiiig snijill in amount, can easily be evaporated by spraying it into the 
chimiK'y of the ovens. In a properly constructed plant, where \he gas- 
mains are short and well protected, there is no need for the condensation 
of any liquid refuse whatever, and all the moisture can be passed on with 
tlu^ gases to the ovens. 

As in Ko])pers’ process, if the gas is used in gas engines, or if benzol 
is recovered, the gas must be cooled down to a temperature of 25" or 
30"' (a, at which most of its water vapotir condenses as liquid refuse. In 
on(‘ case where this system is in use and 400 tons of (toiil are coked daily 
in sixty regenerative ovens, the gas is cooled for use in a gas-engine, and 
the amount of liquid refuse produced by condensation is said to he alxnit 
1 ton per oven per day, or 13,440 gallons in all. 

At another plant, where a direct recovery process is adopted, erected 
by the Simon-(-arves Bye-Product Coke-Oven lionstruction and AVorking 
Company, liimited, there are twenty-eight ovens coking daily 175 tons of 
coal containing 11*5 per cent, of moisture, and the total amount of liquid 
refuse is 25 tons per day, 2 tons of which are deposited along with the tar, 
and the remainder in the process of cooling the gas for benzol recovery. 
At this place there is also a sulphate plant on the old system, and the 
waste liquid from the direct process is purajjed to the scrul)l)ers of the 
old plant. c 

A full description of the Otto-IIilgenstock plant is given in an article 
in The Iron and Coal 7Vr//fc.s’ Review (“ The Direct liecovciry of Tar and 
Ammonia from Hot Cases,” Iron ami Coal Trades^ Review, 1909, vol. 79, 
p. 959), and Fig. 5 shows the whole of the necessary chemical works. 
Those who are acquainted with the ordinary typo of chemical works will 
see at once how comparatively simple this new type is. The hot gases 
pass straight into the sulphate house, where a new recovery plant is shown 
in two scries, one of which acts merely as an emergency reserve. They 
enteV the tar-sprays Tj and where, through the cleansing action of the 
spray, they are freed from their tarry matter at a temperature above the 
dew-point, and whence, without any further cooling, they are forced by 
the exhauster E through the acid in the saturator S, and relieved of their 
ammonia. The precipitated sulphate is ejected on to the draining table 
1), and dried in the centrifugal C. The hot gases leave the saturator, 
still retaining all their moisture in the form of steam, and return imcooled 
to be used for heating the ovens. Coolers and benzol scrubbers can easily 
be added to such a plant and are shown in dotted lines. 

Similar direct recovery processes are now being advocated by most of 
the coke-oven firms, and they are even being intif)duced in ordinary gas- 
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works (see The Local Government Officer and Contractor, 1910, vol. 9, 
p. 241, and Forty-dgUh Annual Report of tU Chief Inejiector of Alkali 
Works, 1911, ]>• 113), mainly because they are economical and more 

profitiiWe than the old processes. me i • i 

The economics effected by the new processes are many. The chemical 
plant is simplified by leaving out the water scrubbers and, in the Otto- 
Hilgenstock and Simon-darves pl.ants, the coolers and ammonia stills ; the 
yield of sulphate is said to be increased by 5 to 10 per cent., and this is 
easily explained by the simplification of the plant and the consequent 
fewer opportunities for loss of ammonia. In the old process there is some 
loss by leakage, but more especially because the ammonia m the gas is 
not completely absorbed by the water in the scrubbers, and because that 
in the gas liquor is not completely yielded up in the process of distillation. 
The quality of the sulphate is also improved, and less acid is required or 
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the absorption of the ammonia, inasmuch as. the fixed ammoma salts 
distilled from the coal do not require to be decomposed with lime and 
again fixed with acid. Further, the quantity of water required is very 
greatly reduced, the steam and lime necessary for the ammonia stills in 
the old system are not required, and there is a considerable saving ijj the 
initial cost of the works, as well as in the upkeep. So great are the 
economies that in several instances an old-fashioned plant is being scrapped 
in favour of a new one. 

In some of these newer processes, such as those of Jhirkheiser, held, and 
Fabri, means are adopted for the recovery of sulphur from the gas and 
its utilisation in the production of the sulphate of ammoma, but from 
none of these further processes is there any liquid refuse discharpd. 

Storing Gas.— Where gas is stored in gas-holders, these invariably 
have a water seal, the water in which, being exposed to the action of the. 
gas, absorbs various in^urities. If kept up for any length of time ' ^ 7 
become ji very polluting liquid (see analyses in Table XII.). recau ions 
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should be taken to prevent the discharge of such liquids to a stream, and 
this is no difficult matter, as there need be no flow of water through the 
water seal, but only the addition of a little from time to time to make up 
for loss by evaporation. The rain which falls on the surface of the 
gas-holder is usually sufficient for tliis purpose, and any excess should be 
prevented from reaching a stream. ^ 

Manufacture of Power Gas. — There has recently been a great develop- 
ment in the manufa(;ture of gas specially suited for internal combustion 
gas-engines and for tiring furnaces and boilers. For the present purpose 
the gas plant used may be divided into two classes : those of the Moiid 
type, in which bituminous fuel is used and ammonia is recovered ; and the 
suction-gas prodiujors, where the fuel used is either anthracite or coke. A 
lecture on Producer (las by H. A. Humphrey, A.M.I.CIE., given under 
the auspices of the London Chamber of Commerce (Higher Commercial 
Education Pamphlet Series, No. 11), describes concisely those of the 
former (;lass, and gives several illustrations of the plant used. 

By passing a heated mixture of air and steam through the glowing 
fuel, a highly inflammable gas is produced, containing hydrogen, carbon 
monoxide, and methane, as the main coml)usti])le constitiumts, and carbon 
dioxide and nitrogen as non-combustible. Owing to the large amount 
of steam which is introduced along with the air, a comparatively low 
tem})eratnre is maintained, and consequently ammonia is produced and 
passes on with the gas, which also contains dust, tarry impurities, and 
cyanogen compounds. 

The impure gtis, issuing from the producer (see k'ig. 5a) at a tempera- 
ture of about 500° C.,*is passed through a tubular regenerator, where it parts 
with much of its hoiit to the mixture of air and steam entering the producer. 
The gas is then passed through a mechanical washer, whi(jh is the name 
applied to a long rectangular iron chamber fitted with revolving dashers 
which rotate and fill tin; whole chamber with water-spray. The partly 
cooled gas is here further cooled and washed, and, moreover, much of its 
remaining sensible heat is transformed into latent heat by the evaporation 
of some of the water. The gas, laden with its burden of steam, and now 
at a temperature of 85“ C., then traverses, from bottom to top, a large lead- 
lined tower, called the acid tower, down which a stream of acid sulphate of 
ammonia liquor is always descending. This liquor contains about 2 per 
cent, of free sulphuric acid, which takes up the ammonia contained in 
the gas, converting it into sulphate of ammonia. To make the action 
continuous some free acid is always being added and some sulphate of 
ammonia liejuor removed from the plant for evaporation and the production 
of solid sulphate of ammonia for the market. The gas and steam next 
pass downwards to the inlet of the “gas-cooling tower,” in ascending which 
the mixture meets a stream of cold water which cleans and cools the gas 
and condenses the water vapour it contains. From the cooling tower it 
enters the gas-mains at a temperature of 70“ C., and if the mairj^a are of 
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any great length a considerable amount of liquor is condensed as the gas 
cools in them. 

At the otlier end of the plant air is driven in at a pressure oqk.al to 
25 inches of water, and passed upwards through an air-heating tower, where 
it meets a spray of the water whi(;h has been heated in the gas-cooling 
tower. The incoming air thus becomes heated and saturated with water 
vapour, iflid after the addition of more steam the mixture of air and 
steam, at a tenq)erHture of 85“ (1, is led to the tubular regenerator, where 
it abstracts heat from the gas leaving the producer, raising it to a tem- 
perature' over 200“ C., and finally, in the Alond jdant, is further heated by 
its passage through an annular space surrounding the producer on its 
downward course to tlie fire grate. ’’J’he fire grate is at the bottom of 
the producer, which is sealed by means of water. 

The sulphate of ammonia li(]uor removed from the acid tower is 
evaporated oitlior in an open vessel or in a closed still under reduced 
pressure, to crystallis('. out the salt. In the former case the evaporated 
water escapes into the air, while in the latter it has to be condensed with 
large volumes of cold water. 

The possible sources of pollution from a plant of this kind are 
therefore : 

{a) The water seal under the producer 

{fj) The mechanical washer. 

(c) The gas-cooling tower. 

{(1) The air-heating tower. 

( ' ) The still for evaporating the ammonia lupior. 

{/) The gas-mains. 

(f/) The scrubbei’s, if the gas is used in gas-engines. 

The li(]uids from all these sources arc somewhat similar as regards 
their polluting character to ordinary .spent gas liipior. They contain 
sulphur find tarry compounds, but no lime, and they readily absorb oxygen. 

Since the process as a whole is one which consumes considerable 
quantities of water — one authority states that a ton and a half of steam is 
used up for every ton of fuel — there is no real need to discharge any 
liquid refuse. 

(a) In the water seal there is a constant evaporation going on,' and 
any overflow is the result of carelessness. The ashes which accumu- 
late and have to be removed from time to time are saturated with 
water, and care must be taken to place them in such a position that 
the water may drain back into the seal. 

(b) In the mechanical washer there is also a continuous evapora- 
tion of the water, but the tarry sludge which collects has to be 
removed from time to time, and here also care must be taken to 
prevent the escape of liquid draining from it. The sludge consists of 
particles of fuel mixed with tarry matter, and can be burnt in 
boiler furnaces. 
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(c) and {d) I’he water in the gas-cooling and air-heating towers 
should be kept constantly circulating, that which is heated in the 
former being used to warm the air in the latter ; none of it should be 
allowed to escai)e, but, on the contrary, as has been shown, much is 
absorbed by the air in the air-heating tower. When insutticient pro- 
vision is made for cooling the gas, difficulties may arise in its use, and 
the water from the air-heating tower may bo too hot to induce the 
temperature sufficiently. To avoid this the water, after leaving the 
air-heating tower, may either be passed over a water cooler, or returned 
to a reservoir, from which it is pumped back to the gas-cooling tower, 
and in either case uuich water is lost by evaporation. Another way 
of surmounting this difficulty is to provide another gas-cooling tower 
with a constantly circulating supply of cold water. Whichever 
method is adopted, the water should be kept in a closed circuit and 
none allowed to escape. 

(e) In most cases the principal source of refuse is the condensa- 
tion of the vapour from the still in which the sulphate of ammonia 
liquor is evaporated. When this is a vacuum still a jet condenser is 
generally used to condense the vapour, and the condensing water, of 
which 25 lbs. are re(iuired for every 1 lb. of vapour, becomes impreg- 
nated with tarry matters and sulphur and cyanogen compounds 
evaporated from the liquor (see Table XIII.). There seems no reason 
why a closed or surface condenser should not be used, and in that 
case only the condensed vapour would require to be dealt with. It 
would be small in amount and could be used in the water seal or 
mechanical washer. If the jet condenser is preferred, then the con- 
densing water can be passed over a cooler and re-used, the amount of 
condensed vapour being more than balanced by the evaporation 
taking place on the surface of the cooler. By constant re-use this 
condensing water may become so impregnated with phenols as to 
make their recovery profitable. At some works the sulphate of 
ammonia liquor is evaporated in an open vessel, so that the vapour 
escapes through the chimney flue, and in such cases no liquid refuse 
is produced from this part of the process. 

• The discharge of licjuid refuse from this part of the process could 
also be wholly avoided by the adoption of a direct process for the 
recovery of ammonia, such as has been brought into use in connection * 
with coke ovens, as described on pp. 39 and 42. This would be 
advantageous not only in avoiding the discharge of waste water, but 
also in greatly simplifying and cheapening the apparatus required. 
The lead-lined acid tower, which is costly both to construct and to 
keep in repair, would be unnecessary, as also would be the evapor- 
ating plant and the large volume of water required in connection 
with it. The gas could be passed through tar extractors, such as 
the Otto-Hilgenstock tar spray or the Simon-Carves centrifugal 



Table XIII. 

AVASTE waters FR0*\I GAS PRODUCER PLANTS. 

{Hesults in parts per 100,000.) 


Tvry Matter 
adhering to bottle. 


.a 

o 


'yanides (in terms I S 

of nCN). I 6 


f ncN). 

As Sulpho- 
cyanido. 


S As Sulphate. 


1 


1 


Temporary. 


Acidity (in terms 
of ll.,!a()4). 


Alkalinity (in terms 
of NagCOa). 




Oxygen ab- 
sorbed from^^ 

permanganate 
in four hours 
at 26-7= C. 

FilUate. 

11-80 

1126-0 

676 0 

46-57 

312 2 

3-21 3 

■ 

• Total, 

12-50 

1190-0 

678-0 

57 08 

318-2 

323-3 

1 1 Organic 

(Kjeldahl). 

i-> IQ in t<- eo 

t** V 'Pp P P 

o ^ O O -is ^ 

g, Albuminoid 
g (Wanklyii). 

2 c^. ? S S i' 

b gj ^ O M 

1 Ammoniacal. 

So w S 

b ^ b b b M 

g 2 , 2 

Solids in Solu- 
tion (dried at 
100= C.) 

Ash. 

159-0 

1118-8 

75-4 

23-2 

39-4 

81-0 

Total. 

206-4 

32,005-0 

1,609-2 

61-2 

670-8 

456-0 

Solids in 
Suspension 
(dried at 
100= C.). 

Ash. 

wo o wo M 

b ^ b b b o 

Total. 

^ ip W M to 

b b M i ^ ® 

iH 

Total 

i 

222-1 

82,119-4 

1,511-7 

75-5 

671-9 

455-6 

Native of Sample. 

Water from producer 
seal ... . 

Liquid from mechani- 
cal washer 

Liquid from gas-cool- 
ing and air-heating 
towers 

Condensing water after 
use In sulphate of 
ammonia plant 

Uquid condensed in 
gas-mains . 

Water after being used 
for scrubbing gas for 
use In gas-engines . 
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apparatus, and tlien directly through strong sulphuric acid in a 
saturator, in which the solid sulphate of amtnonia would be deposited, 
’’ (/) The gas as it leaves the producer plant still contains a 

considerable proportion of water vapour, and where the dis- 
tributing mains are long and exj)osed, this is condensed to a very 
polluting gas liquor, containing sulphur compounds and tarry matters 
and some ammonia (see Tables XI. and XllL). This liqhor is not 
great in amount, and can be used either to feed the water seal or 
mechanic.al washer, or mixed with the condensing water, especially if 
this is to be treated for the recovery of phenols. 

(r/) The wat(U’ from scrubbers (see Table XIll.) can be used in 
the mechanical washer or water seal. 


Tahlk XIV. 

REFUSE FROM SUUTION-GAS PLANT. 
{liesidt.H expreatied in parln yer 100, (fOO,) 




Solids it» Sus- 
pension (dried 

Solids ill Solu- 
tion (dried at 

Oxygon ab- 
sorhod triJin 
N 

— pernnm- 
80 

ganate in 
four hours 
at 26'7“ C. 

Snlpho- 

Hydro- 

Fuel lTge(l. 

T<ilal 

SoIkIr. 

at lUO" C ) 

Total. Ash. 

100" C.). 

Total, j Ash. 

cyanides 
(in terms 
of S). 

cyan in 
Acid (as 

ncN). 

Antliracitc 

65 M) 

ULO 

5*2 

49-0 

36*0 

6-30 

nil 

1*26 


73*4 

38-8 

12-9 

34*6 

n*H 

8*71 

trace 

0*50 


54*7 

24*5 

10*8 

30-2 

12*6 

7*42 

trace 

0T)6 

>1 

30*3 

iaT» 

5*7 

11-8 

8-0 

6-00 

0*18 

0*36 

Coke 

44*8 

3*4 

1*6 

41*4 

30-6 

2-04 

trace 

0*13 


36*8 

3-8 

1*2 

33-0 

15*2 

2-60 

nil 

0-24 


48*8 

very 

small 

48*8 

32*6 

2*81 

nil 

0*26 

1 • • 

21*6 

1-8 

1-7 

19'S 

11-9 

2 -.56 

trace 

trace 


Considerable quantities of tar are distilled along with the gas, and if 
care is not taken this is liable to escape along with the water used in 
the various processes. The tar collects in the water of the mechanical 
washer, in that from the gas-cooling and acid towers, and in the condonsings 
froAi the gas-mains, but if these liquids are allowed to stand the tar 
separates and may either be skimmed off or retained by the provision 
of suitable tar-traps. The recovered tar may either be sold to the tar 
distiller or burnt under the boilers of the works, but in the latter case 
special appliances will have to be adopted for burning it. 

In conclusion, therefore, it may be urged that there is no need to 
discharge any refuse from a plant of this kind. 

Suction-gas Plant. — In the second division of gas producers, in which 
non-bituminous fuel is used, the apparatus is greatly simplified. The 
principle adopted in the producer is almost invariably the same, air and 
water vapour being drawn through the incandescctit fuel and the gas thus 
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produced being cleansed by passing upwards through scrubbers filled with 
coke, kept constantly moistened by a water spray. There are usually two 
ways in which polluting discharges may arise : the overflow from a 'water 
seal on the gas-main between the producer and the scrubber, and the 
escape of the water which has passed through the scrubber. The waste 
water coming from such a plant is fortunately not large. Its character 
varies gr5\tly, according to the nature of the fuel used (see Table XIV.). 
When coke is used the li(juid produced is only slightly polluting in char- 
acter, and, if settled sufficiently to remove small particles of coke, can 
usually be discharged to a stream without detriment. If anthracite is the 
fuel used, the resulting waste water is more polluting, containing appreci- 
able amounts of tarry matters and cyanogen compounds. It is not fit to be 
discharged to a stream, but could be mixed with domestic sewage for 
treatment without causing any difficulty. Where, therefore, no sewer is 
available, coke should always be used as a fuel in preference to anthracite. 
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Thk wasto waters from all these processes are somewhat similar in com- 
position, in that tliey contain in solution an<l suspension large (piantities of 
organic matters belonging to the classes of carbohydrates and protcids. 
All of them are liable to undergo acid fermentation, and in doing so to 
give off very offensive smells. Tliey are very liable, moreover, to induce 
a profuse growth of fungus in any stream into which they may be dis- 
charged. Similar means of purification can be used for each of them, and 
where several of these processes are carried on at the same premises, as 
is often the case, the diftereiit kinds of refuse can be ifiixed and treated 
together. As, however, there are works where only one of the processes 
is in operation, it will be better to deal with the character and treatment 
of each kind of refuse separately. 

Grain Washing. — (Jrain is washed for two pnrj^pses : in the first place, 
to cleanse it from sand, clay, light and imperfect grains, chaff, and dust, 
impurities with which much foreign grain, especially that from the East, 
is found to be contaminated ; and, in the second place, much foreign wheat 
is too dry to be properly milled into flour, and the washing process serves 
also to “ condition it, that is, to bring the moisture up to the amount 
necessary for proper milling (8 to 10 per cent.). 

Many of the impurities can be removed from the grain before washing 
by passing it through suitable screening and winnowing apparatus, and the 
polluting character of the discharge from the following washing can thus 
be greatly lessened. 

The apparatus used in grain washing is very simple in principle, and 
usually consists of a tank in which the grain is agitated in a current of 
water and from which it is passed by means of a worm conveyor or similar 
contrivance. Clean water is allowed to enter in such a way that the 
grain leaving the tank mSets the stream of clean water, while the dirty 
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water carrying the lighter impurities overflows at the further end. The 
heavier impurities settle to the bottom of the tank, and must be removed 
froni time to time. In the case of Indian wheat these heavier impurities 
consist in great part of small pebbles, which have a market value for sale 
to keepers of poultry. The grain leaving the tank carries with it a good 
deal of dirty water, which is removed by means of a centrifugal machine, 
and discharged along with the water which escapes by the tank overflow. 

A patent washer of this typo, constructed by Messrs Henry Simon, Ltd., 
Manchester, is shown in Fig. G. The machine consists essentially of a 



jPkj, — Grain-washing Machine. (Messrs Henry Siraon, Ltd., Manchester.) 


water tank, divided into several compartments, and two inclined conveying 
worms, the casing of botli worms being made of perforated brass. For 
the thorough washing of hard wheats the dry grain is fed into the 
bottom of the longer worm, which is immersed in the water. This worm 
carries the wheat up into a small hopper, from which it is fed on to 
a stream of water flowing over a finely perforated sheet of brass. By 
the action of a large plunger at the side, pulsations of the water 
are produced, and thus the wheat is thoroughly agitated in the 
water while it is flowing over the perforated sheet. At the end of the 
brass sheet there is a gap filled up with coarse pebbles followed by a 
low weir. The stones and clay balls, from their weight, find their 
way down through the pebbles into a box in* the bottom of the tank, 
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whereas the wheat itself is carried by the water over the weir, and so 
down into the foot of the second worm, from the upper end of whichtil; is 
delivered into the whizzer to be dried. Over this worm a row of water 
sprays is fixed so as to rinse the wheat finally with clean water. Softer 
wheats, not requiring so thorough a soaking, are fed into the hopper 
already mqptioned so as to miss the first soaking. The clean water is 
sprayed upon the wheat leaving the washer and passes through the 
perforated casing of the worm into the tank beneath. From this it is 
pumped to meet the wheat as it falls from the hopper, and then passes 
along with the wheat to the second worm. A constant circulation of the 
water is thus kept up. An overflow is provided for any excess water, but 
most of that which escapes from the washer is carried into the whizzer 
along with the wheat. 

In another kind of washer the grain is fed into a hopper, where it is 
agitated by a stream of clean water which enters at the bottom and over- 
flows at the top, carrying the grain with it. Both grain and water are 
then run into a centrifugal drier, from which the dirty water continuously 
escapes. 

Tlie quantity of water used naturally varies with the amount and 
character of the impurities present in the grain, and these depend 
largely on tiie kind of grain. Knglish wheat is generally so clean that 
some millers do not think it rocpiires washing. Indian wheat, on the 
other hraid, often contains as much as 4. per cent, of dirt which can 
be removed by screening, and probably an equal amount which is removed 
in the washing. These varieties of wheat are at the extremes of the 
scale as regards dirt, whilst other varieties, such as Canadian and 
Russian, are intermediate. In one mill, where practically all kinds of 
wheat arc washed, and whore half the water leaving the washer is 
constantly pumped back for re-use, the average consumption of water 
amounts to 24 gallons for each quarter of grain wafched. In another mill, 
where the wheat washed is almost entirely foreign, it is estimated that 
30 gallons of water are used for each quarter of grain, although here also 
there is a continuous circulation and re-use of water. At a third mill, 
where the supply of water is practically unlimited and none is re-used, 
nearly 100 gallons per quarter are used. 

The waste water from the washer is brown and muddy, containing 
considerable amounts of clay and sand in suspension, and carrying with 
it chaff and light and badly formed grains. It contains in solution, as 
analysis shows (see Table XV.), considerable amounts of nitrogenous organic 
matter, and it is nearly always slightly acid in reaction, the acidity being 
due to acid fermentation of the organic matters extracted from the grain. 

The treatment of this waste water is not a difficult matter. It should 
first be thoroughly sieved or screened, ancf there are several forms of 
screening plant now on th| market. They differ mainly in the arrange- 
ment of the^sieve and in the devices adopted for keeping it clean. In the 
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Coarse Solids removed 
before Aijal}Bis. 


Oxygen iibsorhed from 
permanganate in 
four hours at 26-7* C. 


Organic 

(Kjelduhl). 


Alltuininoid 

tWanklyn). 


Acidity (In tonus of 
Lactl«! Acid). 


Ovygen al»8orl)cd from ^ 

permanganate in four 
hours at 26'7" C. 


Organic 

(Kjeldahl). 


Aiiiuminoid 

(Wanklyn). 


I I • I 1 
Is I I 


Crude . . 301*9 114*9 37*4 | 187 0 119*2 nil 1*80 ! 2*36 1810 nil 71*9 52*3 19*6 nil 0*36 I 0*93 10*46 63*2 
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plant (Fig. 7) of Messrs. Higginbottom k Co., Ltd., Liverpool, the sieve is 
in the form of an inclined cylinder, into the upper end of which the dirty 
water is fed. The cylinder revolves and thus throws the screenings to 
the lower end, whilst the water escapes through the meshes. The screen- 



ings are then passed between rollers to remove the excess of moisture. 
In this apparatus the screen is cleaned by means of jets of water. Fig. 8 
illustrates the form of apparatus made by Messrs Henry Simon, Ltd., 
Manchester. In this plant the sieve, which usually has 70 meshes and 70 
perforations per lineal inch, is fixed in an inclined position and kept clean 
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by means of travelling brushes. A plant which has proved very effective for 
the removal of fibres from dyewaters might also be adapted to the treat- 
ment of this kind of waste water. It is made by the Longwood Engineering 
Co., Ltd., Longwood, near Huddersfield, and is illustrated in Fig. 41. 



such a plant vary in amount from one-fifth to one-third per cent, of the 
wheat washed. They are either mixed with the general offal from the 


mill or sold separately as poultry food, and yield^ a considerable return. 
In one mill, where 260 quarters of wheat are washed daily, and where the 
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total cost of the screening plant amounted to ^£260, the value of the 
screenings amounts to more than £100 per annum. 

The water escaping from such a screening apparatus is still a polluting 
liquid (see analyses in Table XV.). It should bo passed through settling 
tanks to deposit the fine clay and sand, and the addition of a little lime 
assists in bringing down the fine particles in suspension and causes also 
precipitation of some of the organic matters in solution. The effluent after 
this treatment, if turned into a large body of running water, will have 
little appreciable effect. If, however, a higher degree of purification is 
required, as for instance if the stream lower down is used as a source of 
water supply, it may bo obtained by effective filtration. 

Sometimes the effluent from the screening apparatus is passed direct 
through high-pressure filters (see p. 269), such as are manufactured by 
Messrs Hell Bros., Ravonsthorpe, Yorks, Messrs Hawksley, Wild & Co. Ltd., 
Shefiicld, or F. Candy, Westminster, London, and afterwards either re-used 
for grain washing, or used for feeding boilers. 

• Malting. — The whole of the grain used in brewing and much of that 
used in distilling is malted before use, and from this process there is a 
considerable discharge of polluted water. The operation is described by 
the Royal Commission on Sewage Disposal, 1898 (Sixth Report, p. 4), as 
follows : — 

“ 111 this operation the barley is steeped in water in order to clean and soften 
it, 80 that w hen removed to the malting floor it may germinate. Two methods of 
steeping are in use. In one, the barley is allowed to soak in tanks in two or three 
successive lots of water for a total period of about sixty hours ; in the other, 
water is allowed to flow into .^ind out of the tank containing the barley, for the 
same length of time. The waste steep water which is produced by the former 
method is highly charged with organic matter— the first jlbrtion of it especially 
being a very foul-smelling and jiolluting liquid. In continuous steeping the 
waste steep liquor is organically weaker, but there is necessarily a much larger 
volume of it. By the first method about 8 to 10 gallons of waste steep water are 
produced for each busliel of barley soaked. No records are available as to the 
quantity of waste sleep water produced by continuous steeping, but probably 30 
to 40 gallons per bushel of barley would be approxmiately correct. It is a grey 
or brown foul-smelling liquid, and it contains the dirt, dust, and grit which were 
mixeti with the barley, together with certain soluble mineral salts and organic 
bodies, and colouring matter from the barley husks. The following are typical 
analyses of steep waters produced by the two methods 


Table XVI. 



Continuous Pi’ocess. 

Quiescent Soaking. 

Ammoiiiacal nitrogen 

Albuminoid nitrogen .... 
Oxygon absorbed in four liours from 

^ permanganate at 27“ C. 

Dissolved oxygen taken up from water 
for complete oxidation . 

^ : 

Parts per 100,000. 
0T3 

0-45 

30-00 

(say) 260* 

Parts per 100,000. 
0-68 

2-24 

86-00 

(say) 700-800* 


^ “These are estimates based on the analysis of a limed steep water.” 
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Analyses of the discharges from a maltkiln wliere the barley received 
three steepings, in each of which 36 gallons of water per quarter of 
barley were used, are given in Table XVII., in whiclv are also given two 
analyses of the first steeping water from another maltkiln. 

This kind of refuse, like that from grain washing, can be purified 
without any great difficulty. Probably the best method is irrigation on a 
suitable area of grass land, but other methods are available. If sus- 
pended solids are screened out, and the liquid is passed in a fresh state on 
to a percolating filter such as will be described in connection with the 
treatment of browing refuse (see pp. 64 and 269), it can be purified to any 
required degree. The screened liquid, indeed, can be passed into running 


Table XVII. 

liARLKY-STEEPING WATERS. 
{Results expressed in parts }ter 100,000). 


Stoop No. 

1. 

-• 

3. 

1. 

■ 

1. 

Total solids (driod at 100° C.) . 

805*60 

143*76 

112 91 

474-36 

396-90 

Solids in suspension. 'I'otal 

! 5*20 

1*36 

0*11 

2 96 

7*50 

,, «« >> 

1 0*40 

0*16 

0*08 

0*64 

1*70 

Solids in s(tluti(ui. Total .... 

! 300*4 

142-4 

112 8 

471-4 

389*4 

n M »> . 

171*0 

77-0 

62-0 

233-4 

186*0 

Chlorides (in toriu of NaCl) 

45*0 

17*0 

16-5 

81-0 

55 0 

Nitrogen, aiiunoiiiacal .... 

0*48 

0 13 

0*02 

0-99 

1*20 

,, albniriinoid (Wanklyii) 

2*47 

1*22 

076 

4-80 

5-07 

,, organic (Kjeldalil) . 

4*41 

2*07 

1*47 

11*06 

9-40 

Oxygen ahsoibed from ^ pennanganatn in 

! 





four hoiiis at 267° 

44 00 

25*40 

21*41 

39-92 

52*32 

Acidity (in terms of lactic acid). 

. 32 4 

28*8 

27*0 

101-1 

1*26-0 

Hardne.ss (in terms of CaCO;,). Total 

i 74*2 

51 -5 

51 -5 

82-9 

103-0 

,, ,, ,, Permt. 

1 44*8 

37*1 

37-1 

78*1 

81*4 

M ,, ,, Tern])}'. 

29*9 

1 

14-4 

11-4 

4*8 

21*6 

„ _ 


_ 

L 





streams, wdien these are of considerable volume, without producing any 
perceptible deterioration in them, but if discharged into sluggish 
streams or stagnant shallow ponds it is liable to undergo very offensive 
putj^ofaction. 

By means of biological filtration of the fresh refuse through a single 
percolating filter it has been found possible in laboratory experiments to 
effect a 90 per cent, purification, judging on the oxygen-absorbed figure, 
and to produce a well-nitrified non-putrescible effluent. The Royal Com- 
mission, 1898 (Sixth Report, Appendix II. p. 31), obtained similar 
results. 4Tiey used a filter 12*25 feet in diameter and 10*5 feet deep, 
containing 45 cubic yards of coarse clinker. The filter was fitted with a 
small revolving distributor fed automatically from a 5-gallon tipper. 
The steep water was treated with a small quantity of lime, settled, and 
applied to the filter at the rate of 25 gallon^s per cubic yard per 
day continuously throughout the whole of the twenty-four houw. The 
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effluent obtained was uniformly good, and it was found that it produced 
no bad effects when discharged into a channel carrying an equal amount 
of clean water. It will be noted that in this case the steep water was 
limed, but in laboratory experiments the liming was found inadvisable, as 
it caused the liquid to putrefy rapidly and become very offensive. 

Brewing. — Brewery refuse caus(vs verymarked pollution when discharged 
into a stream. It contains many suspended solids, such as spent hops and 
grains, much dissolved organic matter from the materials used in brewing, 
and in addition carries with it many living ferments and moulds, so that 
immediately it is discharged it begins to decompose, and in this decom- 
position it gives off a peculiar and most offensive smell. 

A brief description of the process of brewing will best show the sources 
of the polluting discharges. The brewer who buys his malt first puts it 
through a process of dressing to get rid of dust and germs. There should 
bo no liquid refuse from this process, but in some breweries it is said to be 
the practice to transform the dust into mud by spraying it witli water and 
to wash it down the drains. The waste water thus produced must be 
highly charged witli organic matter in suspension, and in many cases will 
also contain considerable (piantities of arsenic, which is nearly always 
present in the dust of malt. 

The dressed malt is passed into large “mash tuns,” where hot water is 
sprinkled upon it in order to extrac.t all the soluble matter, the watery 
ext; act, known as “ wort,” being drained from the mash tuns into a large 
storage vessel, the “ undcrback ” or “ wort receiver,” or directly into 
a copper. 

When the mashing is completed the wort is run*into a copper, where it 
is boiled and where hops arc added, and when tlic boiling and infusion of 
hops is completed, the wort is run into a “ hopback,” wliere the liquid is 
drained off from the ho])s and from which it is passed tlirougli a cooler and 
refrigerator into the fermenting vessels. In tiie cooler, which is a shallow 
vessel for exposing a large surface of the wort, many albuminoid sub- 
stances settle as the temperature of the liquid is reduced. 

In the fermenting vessels yeast is added and the fermentation is 
allowed to go on until tlie beer is ready to put into casks, which are 
usually filled directly from the fermenting vessels, but sometimes from a 
special “ working or settling back ” into which the contents of the fer- 
menting vessels are first poured. 

The grains or spent malt from the mash tuns are removed to some 
place of storage from which they can be distributed as rec^uired, being 
generally sold for feeding cows and pigs ; and as they are quite saturated 
with water when first removed from the mash tuns, a considerable quantity 
of water drains away from them, and this contains sufficient organic 
matter to give rise to decomposition. A similar liquid drains from the 
spent hops when they are removed from the copper or hopback. 

F^m the fermenting vessels, while the fermentation is going on, large 



6o 


TRADE WASTE WATERS. 


quantities of yeast froth up and are allowed to overflow. This yeast is 
sometimes stored for sale or for re-use, or is sometimes passed through 
filter presses, which express the liquid and leave the yeast in the form of a 
cake. It may be noted that where 100 lbs. of yeast are added to a fer- 
menting vessel, 600 lbs. are often obtained as the result of fermentation. 
Sometimes the yeast is washed down the brewery drains, and when it is 
pressed the watery liquid draining from the presses is allowed to escape by 
the same channels. These yeasty liquids are particularly liable to undergo 
rapid decomposition, accompanied by the formation of acetic, lactic, and 
butyric acids. 

In the cellars where the casks are filled they arc allowed to remain 
until some further fermentation has taken place in the beer, and froth and 
beer are spilled on the cellar floor and allowed to escape into the drains. 
In the cellars also “finings” of gelatine are added to the casks of beer, and 
the washings of the casks of finings are poured into the drains. 

The direct discharges of waste waters from the brewing processes are 
therefore the drainage from the grains and hops, the yeast or the liquid 
pressed from it, and the beer spilled from the casks. These, although 
highly impregnated with organic matter, and in the latter two cases 
crowded with germs of fermentation, are only small in amount compared 
with the total quantity of waste water discharged from a brewery. 

Successful brewing, being dependent upon a well-regulated process of 
fermentation, can only be carried on under conditions of the utmost clean- 
liness. Dirty vessels or dirty premises, by favouring the growth of 
putrefactive and other undesirable bacteria, arc certain to interfere with 
the production of good beer. The whole of a brewer’s apparatus and 
premises must therefore be frequently and thoroughly cleansed, and the 
bulk of the waste waters discliarged from the brewery are those which 
have been used for washing purposes. The mash tun, the underback or 
wort receiver, the copper, ^he hopback, the cooler and refrigerator, the 
fermenting vessels, the yeast backs, the casks, the flooi-s and walls of the 
various rooms, are all frequently swilled with cold or hot water, which 
carries away with it some part of the organic matters which have been 
contained in the various vessels. In cleansing the copper and the wort 
mains — copper pipes for conveying the wort to .and from the copper — soda 
or potfish is used, and in cleansing the cjisks, soda, permanganate of potash, 
quicklime, or calcium bisulphite is frequently used. 

Perhaps the greatest source of pollution is the cask washing. The 
casks as they return to the brewery often contain quantities of sour beer 
and hops, a handful of the latter being usually added to each cask of beer 
before it is bunged up, and these are washed out when the cask is 
cleansed. At breweries where beer is bottled there is a similar, but 
smaller, discharge from the washing of the bottles. 

In addition to all these polluting liquids there is ajso at every brewery 
a large discharge of quite pure water which has been used ip the 
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refrigerators and for “ attemperating.” The refrigerator is an arrange-* 
ment of metal pipes exposing a large surface, on the outside of which 
the wort in its passage from the cooler to the fermenting vessels is^exposed 
in thin layers, while through the inside a stream of clean cold water is 
constantly running. Brewing can only be carried on properly at a 
moderate and equable temperature, and in each fermenting vessel there 
is usuafly a coil of pipes through which a stream of cold “ attemperating ” 
water is kept running for the purpose of keeping the temperature of the 
vessel contents within bounds. These refrigerating and attemperating 
waters are thus free from pollution, and there is no need to discharge 
them along with the trade refuse. In many cases they are conveyed to 
a tank from which they are pumped for re-use, and whore this is not done 
they should be discharged by a separate outlet to the nearest stream. 

It has been found a matter of great difficulty to obtain anything like 
reliable figures of the quantity of water used by brewers. One authority 
states that for every barrel of beer brewed (excluding the water used for 
cooling and attemperating), about eight barrels of water arc required, that 
is, that for every barrel of beer there are seven barrels of dirty water. In 
several breweries where the water supply is passed through a meter the 
quantity of refuse has been found to be between 500 and 600 gallons per 
100 gallons of beer browed. In one case, however, the brewer states that 
he uses only 100 gallons of water for cask washing and 25 gallons for 
washing down the brewing plant for every 100 gallons of beer brewed. 

Table XVIIl. gives the analyses of most of these kinds of waste waters 
and of tvverago samples of the mixed refuse. It will be seen that many 
of the samples were acid in reaction. The araountr of acid present must 
not be taken as being there when the samples were fresh, for the acid 
fermentation was, no doubt, proceeding during the interval between the 
taking of the samples and their analysis. 

The treatment of brewery refuse is not g-lways a problem easy of 
solution. In the case of a small brewery in the country very effec- 
tive purification can be attained by irrigation of the refuse upon old 
pasture, and this is the method adopted by many brewers. By a little 
attention to the proper distribution of the liquids they may be dealt with 
very effectively and with advantage to the growth of grass. In cases 
where sufficient areas of laud are available all the refuse is absorbed, and 
in others where an effluent escapes over the surface or through the soil it 
is so purified as to produce no appreciable effect in a stream. In all cases 
before passing the refuse over the land it ought to bo passed through 
screens and settling tanks to remove suspended solids. 

The treatment of brewery refuse by irrigation upon land on a large 
scale is not an easy matter. At Burton-on-Trent, where the daily flow of 
sewage amounts to 5,300,000 gallons, of which 66 per cent, is brewery 
refuse, although 613 acres of arable land are used for its treatment, the 
results ^are not always satisfactory, and there have sometimes been com- 
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plaints of offensive smells. Here the sewage is limed at the rate of 40 
grains per gallon, but it is neither screened nor settled before being 
applied to the land. • 

Freijueiitly, however, a brewer has not a suHicient area of land upon 
which to irrigate his refuse, and then resort must bo had to more artificial 
methods. The ordinary methods of chemical precipitation followed by 
straining Ihlters cannot be relied upon to produce a good result, and 
recourse must be liad to biological treatment, but the biological purifica- 
tion of such a li(pii(l is by no means so easy as that of domestic sewage. 
One factor to be reckoned with, is the jiresence of large quantities of spent 
hops, s])ent grains, yi'ast and corks, whick, however, can easily be caught 
by the provision of arrangements for effective screening, and by placing 
scuinboards to catch floating matters on any settling tanks ^^hich may be 
used. Anotlu'r factor raises greater difficulties. Owing to acetic, butyric, 
and lactic acid fermentation of the organic, matters the refuse is either 
strongly acid as it is discdiarged or almost immediately becomes so, and 
while in this acid condition is not amenable to the action of those other 
ferments and organisms which bring about the purification of ordinary 
sewage. This has been well jiointed out by W. Naylor, K.C.S., in his 
book on Trades^ ]Ymtc (Chapter V.), and by other observers. 

Mr Naylor advocated the addition to the refuse of a quantity of 
domestic; sewage or sewage sludge, the mixture being dealt with in a septic 
tank, and by this treatment, he stated, the ordinary changes which take 
place in sewage are induced and prevent the acid fermentation. This is 
true to some extent, but tly.s inhibiting effect of the sewage cannot be 
depended on for any length of time, and works con8t«ucted and used on 
this principle at Hook Norton Brewery, Banbury, and at Fountains Free 
Brewery, Blackburn, although for some time giving good results, failed to 
do so continuously. It is also a serious drawback to this method that the 
septic taidi effluent has a most objectionable sm^ll. Another method of 
overcoming the acid fermentation is by treating the refuse with lime. This 
neutralises any acidity, but unless added in very large cjuantity does not 
kill the ferments, and the liquid when allowed to stand soon becomes acid 
again. Because of this rapid acid fermentation the treatment of brewery 
refuse in contact beds is not successful, as the length of time ne(;essary 
for filling the bed and allowing it to remain full gives too much oppor- 
tunity for the action of the acid-forming bacteria ; and at times the whole 
bed seems to become charged with the bacteria, a state of matters difficult 
to remedy except by removing the filtering material and constructing the 
bed afresh. 

When the refuse is kept from becoming acid, and has its suspended 
solids removed, it can be thoroughly purified by treatment on continuous 
filters,^ although more repeated filtrations may be required to produce a 
satisfactory effluent than would be needed for ordinary sewage. 

Such an installation, carried out by Mr J. T. Chambers for Messrs Seth 
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Senior & Sons at Highfield Brewery, Shepley, near Huddersfield, is shown 
in Fig. 9. At this brewery the refuse comes from all the processes incidental 
to the browing of beer and porter, except that there is no barley-steeping 
water, the malting being done elsewhere. It averages about 10,000 
gallons a day, or about thrice the volume of beer brewed. It first passes 
through a small sump in the brewery yard, 6 feet scpiare and feet 
deej), where grosser solids are retained. They are removed every few 
days, and amount tt) nearly a ton a week. 

From this the refuse is conveyed to three stone-built settling tanks, 
each of 12,000 gallons capacity, and fitted with floating arms for decant- 
ing the liquid, and sludge valves for discharging the s{)lids which settle as 
sludge. A day’s discharge of refuse practically fills one tank, and to this 
is added about 140 lbs. of dry lime, or 100 grains a gallon, which is thrown 
by shovel over the surface of the tank contents. The licpiid thus neutral- 
ised is allowed to stand overnight to allow of the settlement of the solids, 
and thus clarified is decanted by means of the floating jirm. The method 
of adding the lime is an extravagant one, and probably half the amount 
would be sufficient if it were added as milk of lime. 

The tank effluent is conveyed to a circular filter, to which it is applied 
by means of an automatic revolving distributor of the usual type (Adams’). 
The filter is 30 feet in diameter or 78 square yards in area, and is GJ feet 
deep. It is composed chiefly of broken stone, the pieces varying in size 
from 3-inch cubes at the bottom to ^-inch at the top, with a covering 
layer of coal about 1 foot in depth, and of ^-inch gauge. It is built upon 
a concrete floor and underdrained by numerous tile drains. The rate of 
feeding this filter iscregulated by the outlet valve of the settling tank. It 
would no doubt be a better arrangement if the liquid were applied in 
intermittent doses by means of a tipper. 

The effluent from the first filter passes through a catchpit 6 feet by 
6 feet and feet deepjj and is conveyed to a second filter IGO square 
yards in area and 6 feet deep. This is filled with coke in sizes varying 
from fl inch to J-inch cubes, covered by a layer of sods, broken into pieces 
of some 4 inches square, to foster nitrification. It is underdrained with 
ordinary field drain pipes. The liquid is applied to it by means of spray- 
ing jets, which are fixed 6 feet above the surface of the material. The 
effluent from this filter is discharged to the stream. 

The drain from the first filter to the second is about 300 yards long, 
and in this there is a considerable deposit of gelatinous fungus {Oospmn 
lactis\ which clogs the jets and thus interferes with the proper distri- 
bution of the liquid on the second filter. A catchpit should be provided 
on the drain, with a bottom valve by means of which this fungus could bo 
flushed out on to the surface of a field. 

The sludge from the settling tanks is discharged on to three kludge 
beds, each about 23 square yards in area, formed of 2 feet of stone and 
cinders, with underdrains discharging to the surfa?e of adjacent grass land, 
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where the liquid is absorbed. Each tank is sludged on an average once 
in three weeks, and then contains about 3 inches of li(|uid sludge 
(say 6 cubic yards). About five loads of air-dried sludge are profliued 
per month. 

The total cost of these works, exclusive of the site, is estimated at 
£1050. The labour retpiired, including the sludging, takes half a man’s 
time, and tests 10s. Gd. a week, and about a third of a ton of lime is used 
weekly. Allowing 10 per cent, on the outlay for interest and depreciation, 
these figures give 11*G pence per 1000 gallons as the cost of treatment. 

Analyses of the refuse and eflluents are given in Tiible XIX. The 
effluent is discharged into a very small stream, Sliepley Dyke, the volume 
of which in dry weather is less than the volume of the effluent. Formerly 
the hed of this stream was covered with fungus (chiefly Spha^rotilm natans 
with filaments of Crenothrir poh/i^pom)^ and its water had a very offensive 
smell of brewery waste. Neither the smell nor the fungus has quite 
disappeared, but both are now little noticeable. 

It will be noticed in the analyses of the final effluents that practically 
no nitrates are present, and this may be taken as a sign that the purifica- 
tion has not proceeded so far as might be wished. In the course of some 
experiments {Joktu. Royn! Sdn. Inaf., 11)04, vol. 25, part 3, p. 574) it was 
found that by finally passing a similar filter effluent through garden soil 
nitrates were produced, and it was because of this that the final filter at 
Shepley was covered with sods. Dr Calmette (liecfierclies, vol. 3, p. 74, and 
vol. 6, p. 20<S) has concluded from his experiments that ii] the purification 
of liquids such as these the carbohydrates present greatly retard, if they do 
not prevent, nitrification, but the experiments on the purification of barley- 
steeping water and of brewery refuse, which have been mentioned above, 
show that it is certainly possible to bring about nitrification, 

Messrs Clark A Adams have gone carefully into this question, and have 
shown (Jonrn. fnd. Eu<j. Vhvm.^ 1912, vol. 4, p. 272) that such substances 
as sugar, molasses, butyric acid, alcohol, and wool-scouring refuse, bodies 
rich in carbon, have a strong clfect in checking nitrification, and may even 
stop it when present in sufficient proportion. They find that even when 
nitrification is checked the purification effected as judged by the al- 
buminoid ammonia and oxygen-absorbed figures is not materially lessened, 
but that when ammonium chloride is added to the liquid under treatment 
this check in nitrification does not take place. 

Brewery refuse, unfortunately, yields no bye-products worth recovery,* 
so there is little prospect of the brewer s recouping himself fqr the expense 
of treatment. Much yeast is certainly allowed to run to waste which 
might be kept back and re-used or sold, and there is a small demand for 
the crude refuse by manufacturers of fine wire, who use it for wire 
steeping, no doubt on account of its acidity ; but the quantity which can 
thus be disposed of is very small. 

Distilling. — The Roybal Commission on Sewage Disposal, 1898, haye 

• 5 



analyses of samples taken at HIGHFIELD BRE^^-EEY. SHEPLEY (SETH SENIOR A SONS). 

{Results e?:prcsseJ in purt<! per 100,000.) 
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where the liquid is absorbed. Each tank is sludged on an average once 
in three weeks, and then contains about 3 inches of li(|uid sludge 
(say 6 cubic yards). About five loads of air-dried sludge are profliued 
per month. 

The total cost of these works, exclusive of the site, is estimated at 
£1050. The labour retpiired, including the sludging, takes half a man’s 
time, and tests 10s. Gd. a week, and about a third of a ton of lime is used 
weekly. Allowing 10 per cent, on the outlay for interest and depreciation, 
these figures give 11*G pence per 1000 gallons as the cost of treatment. 

Analyses of the refuse and eflluents are given in Tiible XIX. The 
effluent is discharged into a very small stream, Sliepley Dyke, the volume 
of which in dry weather is less than the volume of the effluent. Formerly 
the hed of this stream was covered with fungus (chiefly Spha^rotilm natans 
with filaments of Crenothrir poh/i^pom)^ and its water had a very offensive 
smell of brewery waste. Neither the smell nor the fungus has quite 
disappeared, but both are now little noticeable. 

It will be noticed in the analyses of the final effluents that practically 
no nitrates are present, and this may be taken as a sign that the purifica- 
tion has not proceeded so far as might be wished. In the course of some 
experiments {Joktu. Royn! Sdn. Inaf., 11)04, vol. 25, part 3, p. 574) it was 
found that by finally passing a similar filter effluent through garden soil 
nitrates were produced, and it was because of this that the final filter at 
Shepley was covered with sods. Dr Calmette (liecfierclies, vol. 3, p. 74, and 
vol. 6, p. 20<S) has concluded from his experiments that ii] the purification 
of liquids such as these the carbohydrates present greatly retard, if they do 
not prevent, nitrification, but the experiments on the purification of barley- 
steeping water and of brewery refuse, which have been mentioned above, 
show that it is certainly possible to bring about nitrification, 

Messrs Clark A Adams have gone carefully into this question, and have 
shown (Jonrn. fnd. Eu<j. Vhvm.^ 1912, vol. 4, p. 272) that such substances 
as sugar, molasses, butyric acid, alcohol, and wool-scouring refuse, bodies 
rich in carbon, have a strong clfect in checking nitrification, and may even 
stop it when present in sufficient proportion. They find that even when 
nitrification is checked the purification effected as judged by the al- 
buminoid ammonia and oxygen-absorbed figures is not materially lessened, 
but that when ammonium chloride is added to the liquid under treatment 
this check in nitrification does not take place. 

Brewery refuse, unfortunately, yields no bye-products worth recovery,* 
so there is little prospect of the brewer s recouping himself fqr the expense 
of treatment. Much yeast is certainly allowed to run to waste which 
might be kept back and re-used or sold, and there is a small demand for 
the crude refuse by manufacturers of fine wire, who use it for wire 
steeping, no doubt on account of its acidity ; but the quantity which can 
thus be disposed of is very small. 

Distilling. — The Roybal Commission on Sewage Disposal, 1898, haye 
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the offensive smells produced are likely to cause nuisance in the 
neighbourhood. 

The purification of distillery refuse in contact beds has frequently been 
attempted, and this inotlKsl was recommended hy I’rofessor Hendrick m 
the paper quoted above, but on the lar^'o scale the results have never 
been satisfaiilory. The reason for this has been explained in dealing with 
brewery refuse, and tbe Iloyal Commission conclude from thfeir experi- 
ments that even when pot ale is dilntod to ten times its original volume 

Taulk XX. 

POT ALE AND SPENT LEES. 


{licsulfs expressed iv parts per 100,000.) 
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The Commission found that the pot ale diluted with water to twelve 
times its original volume, treated with lime and settled, could be purified 
upon a percolating filter at the rate of 20 gallons per cubic yard per day^ 
The filter they used was 24 feet in diameter, 12 feet deep, and was filled 
with coke in pieces varying from 1 inch to 3 inches in diameter. It was 
fed intermittently by a revolving sprinkler. The effluent from this filter 
was strained through a shallow filter composed of a 1-inch layer of sand 
lying on a 3-inch layer of gravel. The average composition of the liquor 
„nm<r on to the filter and of the final effluent areVivon in Table XXL 
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The experiments of the CommiBsioii appear to show conclusively that 
by repeated treatment on percolating filters any necessary degree of 
purity in the effluent can be obtained. It will be noted in the anafyses 
that purification had proceeded so far that nitrates were produced, cor- 
roborating the rtisults obtained ex]>erimentally in the treatment of brewery 
refuse, although, as mentioned above, Trofessor Calmette has doubted 
the possibility of obtaining nitrification in lupiids containing so high a 
proportion of carbohydrates. 

The Commissioners state that the effluent was non-putrescible and 
absorbed oxygen only very slowly froin water. Experiments were also 
carried out to test the effect of this effluent on a running stream, and it 
was comfflided that the cfUuent would not injure any stream into which 
it might be discharged. It wa,s indeed found tliat the effluent, even by 
itself, was harndess to trout. 

Tabuk XXT. 

FILTRATION OF LIMKI) DISTILLERY REFUSE. 

{lii’nfilfa fx/nrssed in pari a per 100,000). 
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Stevenson Ma(;adam, F. I.C., F.C.S., howe''..ir, in a re})ort on these 
expel imental works of the Royal Commission (Sixth Report, Appendix VI., 
p. 79), concludes that tlu* effluents still conUiin objectionable polluting 
matter, foreign to the pure natural waters of the district. He points out 
that the experimental works were small in size and under highly skilled 
supervision, so that the results were better than would be obtained on a 
large working scale with ordinary attention. Ho suggests that the pot 
ale could be concentrated by evaporation and would then form a valuable 
cattle food, while the other waste waters could be re-used in the steam 
boilers and for other recpiii'ements of the distillery. 

American experience supports this view, for in a report by Hermann 
Stabler in 190(1 to the United States Geological Survey on the prevention 
of stream pollution by distillery refuse, a system of evaporation is fully 
described as in successful use at Lynchburg Distillery, Ohio, where malt, 
corn, and rye are distilled. Mr Stabler first discusses the nature of the 
waste wafers, their effect upon a stream, and their purification by filtration, 
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precipitation, fermentation, and evaporation. He comes to the conclusion 
that it is best to evaporate the pot ale and spent lees and to make the 
recovered solids into cattle food. The process adopted is to screen out 
all the grosser suspended matter and to dry it by filter pressing. The 
licpiid is then eva]:)oratiid in a triple-effect ('vaporator, and the concentrated 
syru]) mixed with the cake from the press and dried in a hot-air drier, to 
be used as a (;attle food. The distillate from the evaporator is used for 
mashing. It is shown that tlui })rocess, although costly to instal, is a very 
profitable on(‘, yielding, according to Mr Stabler, 73 per cent, per annum 
on the outlay. The adoption of this process would leave, in the case of an 
ordinary distillery, only tlu' malting and washing and swilling waters to 
be dealt with, and tins, as has been shown, is a comparatively easy ])roblem. 

Summary. — In conclusion it may be stat(‘xl that the li(]uid refuse from 
all the processes of grain washing, malting, brewing, and distilling can be 
effectively ])urifi(!d by irrigatioti on a sufficient area of suitable grass land. 
For the first two kinds of refuse it may be suggested as a minimum that 
an acre should he provid('d for every 10,000 gallons of daily flow, whilst 
for the other two kinds at least four times this area would be necessary. 

Where such land is not available the screened grain-washing refuse 
and the steep waters from malting can be purified by treatment upon per- 
colating filters, followed by straining filters of sand and gravel. The rate 
of filtration through the percolating filters should not (‘xeeed 40 to 50 
gjillons per cubic yard of filtering material, and the filter effluent should 
not be appli(‘d to the straining filters at a rate greatm- than 250 gallons 
per square yard per day. « 

In the case of' brewery and distillery refuse any required degree of 
purification can be attained b}’ precipitation with lime, settlenient in tanks, 
and treatment of tin* tiink effluent by repeated applications to })ercolating 
filters, followed ]>y sand strainers. The rate of this application to the 
percolating filters should not exceed 20 gallons p(‘r cube yard j)er day for 
each filtration, and the rate of application to the sand strainers should, as 
in the former case, never exceed 250 gallons per s(juare yard per day. The 
construction and cost of such purification wmrks are given in Chapter XI. 

In the case of a distillery, the pot ale and spent lees can be profitably 
evaporated to dryness and used as cattle food, when the remaining Avaste 
waters can be dealt with like those from malting and grain washing. 
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CHAPTKIt V. 

THE LEATHER TRADES. 

Bvaiiclies of trade- Tainiin«f — Sftaks Limes — Tan pits— Mineral taima<'es — Leather 
dyeing -Ourryiii;^— Fellnmngerinw-— Piekcr making — Rug making— Character of 
refuse Treatment — Bihhograjdiy, 

Under this title ho grouiu'd five iiiflustrios, those of tiiimers, curriers, 
fellniougors, [lickor iiiakors, and skin rug; makers. In all five the liquid 
trade refuse consists in great })art of animal matti'r in solution and sus- 
pension in water, oftt'U in a state of commencing or advanced ])utrefaction, 
is of a grossly polluting character, and is apt to give rise to great nuisance 
when turned into a stream. 

Tanning. — The processes of tanning are rather eomjilex and vary 
greatly in dift'erent tanneri(‘s, but the older and more ordinary methods 
may be thus briefly described. The skins, [ndts, kips, oi‘ hides, as they 
are variously naiiuHi^ are first steejied and washed in jiits of water — the 
“soaks.” Tn the case of fresh hides this is done to wash out all dirt and 
blood, and soaking is then rjither a misleading name for the process. The 
sun-d)ied, or arsenic or sjilt-cured hides from abroad, however, require to. 
be soaked for sona* time /intil they become softened and freed from the 
curing matei’ial. The water in the soaks is frequently changed, usually 
several times in dealing with one lot of skins, or the soaks may be so 
arranged that a stream of water is constantly passing through them. 
When discharged, the water (;arries with it dissolved and suspended 
animal matters, dirt, and sand, which have been washed from the goods, 
and often salt or arsenic washed out from skins which have been cured 
with these materials. 

From the soaks the skins are removed to pits containing nnlk of lime, 
and in these “limes” they are steeped for a considerable time in order to 
bring about a loosening of the hair. To accomplish this effectually it 
seems necessary that while in the limes the skins should just begin to 
undergo putrefaction. The process is, in fact, ])artly a chemical one, the 
lime being an active agent, and partly bacterial, the putrefaction set up 
by the bacteria playing perhaps the greater part in loosening the hairs 

from their sheaths in the skins. It is thus not necessary or indeed possible 

72 



THE LEATHER TRADES. 


73 


to use a fresh quantity of milk of lime for each lot of skins, for the lime 
pit must become ripened by the growth of bacteria before it will act 
properly. 

The limes are therefore not often discharged, and some tanners say 
they never discharge them, but constantly refresh them and k{?ep them 
up in strength by the addition of fresh (juantities of lime and water, 
removing at the same time spent lime and other solids which settle at the 
bottom of the })its. In fsict, however, the limes become clogged up with 
spent lime and dirt, or they become so higidy charged, especially in hot 
weather, with putrefactive', germs that they act injuriously on the skins. 
They are therefore from time to time discharged, although it may be at 
long intervals. Kven if it were not so the Ihjuids in them do escape, for 
they are soak(‘d up by the skins and, when these are drawn out upon the 
floor of the taiiiK'ry and ]ilaced u])ou the “beams’' in ord(T to have the 
hair scraped olT, tl)e lime water drains or is squeezed out of them, and is 
often washed down tlie drains when the floor is swilled. The liipiid refuse 
from the limes is one of the worst kinds of trad(‘ refuse, being ahvays far 
advanced in putrefaction, vmy highly charged with lime, and also with 
organic matter in solution ; for although lime in small (juantities precipi- 
tates su'di suhstanc(!s, it has a solvent effect when present in excessive 
amounts. 

After the skins have be('n thoroughly scraped, first on the outside to 
remove all hair, and aft('rwards on tlie inside to remove loose pieces of 
connective tissue or “ fleshings,” they are treated in “hates” or “piiers.” 
These aic ])its of water containing, in the case of “hates,” pigeon or hen 
dung, and, in the case of “ puers,” that of dogs. This mixture has the 
double effect of killing or neutralising the lime, whicli would be detri- 
mental in the aft(U’ process of tanning, and of altering the physica* 
condition of the skins, in order to produce light leatlnu's with a soft grain. 
Here again, as in the limes, the action is a complex one, partly physical 
or ch('mical, due to the organic acids present, and partly biietcrial, for 
these acids are gradually formed by tlui action of living organisms on 
the excreta in the liijuids. The contents of the bates or puers after a 
time become useless, partly no doubt because the liijuid gets highly 
charged with lime from the skins, and partly because putrefactive germs 
develoj) in larger numbers. The liejuids are therefore discharged from 
time to time, and the pits made up afresh. This class of refuse, as may 
be imagined, is of a very objectionable c.iiaracter. 

When removed from the hates or puei’s the skins are rinsed in water 
and are then ready for the actual process of tanning. In the ordinary 
process of tanning with extracts of various vegetable matters, of which 
oak bark may be taken as representative, the skins are placed for long 
periods in tan pits containing a watery extract of tanning material, being 
first steeped in a w^eak tan liquor and afterwards in liquors of gradually 
increasing strength. As the tanning materials are of considerable value, 
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it is to the iidvaiitage of tlie tanner to prevent their escape. The tan 
liquors are exhausted as far as possible, and are often retained and 
strengthened from time to time. In such case's th(5 tan pits are very 
seldom diseharg('d and in some tanneries seem never to be let off. 
(lenerally, howa^ver, they are from time to titne discharged, and in all 
eases there is a constant escape of small ipiantities (‘F tan Vapior, which 
drains from llu' skins as tlu'y are removed from one pit to another. This 
it is which gives the refuse of a tannery its characteristic brown colour, 
turning black w'lum mixed with any iron, as for instanci' when the refuse 
is dis(!harg('d into a stream the wati'rs of which arc ochrey. 

The waste tan-jiit licpiors are not in themselves very objectionahle or 
liable to give rise to nuisance by deeouijiosition, but they are veiy detri- 
mental to any stream into wliieh tlu'y may be run oil', as tlie tannin has 
the property of greedily absorbing oxygi'u, and this checks the natural 
process of ])urirK!ation which goes on in a running stn'am ; for this 
purification is largely dependent upon the amount of oxygen ])resent in the 
waters of the stream, the oxygen being necessary botli for the life of the 
organisms, to the activity of which tlie breaking down of the organic 
matters in th(' waters is due, and also for the oxidation of the decomposition 
products. 

In addition to the liipiid refuse mentioned alxive there are various 
washing w’utei-s. For instance, the skins when taken out of the soid^s are 
sometimes washed in pits of water or put into a revolving drum and 
washed with water to further cleanse and softmi them, and the same 
cleansing ]>roeess is at times adopted for t*ae skins n'lnoved from the 
“limes ” and “halFs.” From these processes considerable volumes of 
polluted wat(*r escape. Then again the skins ari' sometimes, during the 
process of soaking, beaten in “stocks” to soften them, and from this a 
small (piantity of dirty watei escapes. Ihit in addition to all these diri'ct 
discliarges there is a hV'ge quantity of liquid allowed to drain from tlie 
skins as they are removed from one pit to another and much dirty water 
whicli conies from tlie swilling of tlie floors. All these waste winters are 
polluting. 

Skins are also cured hy dressing them with alum, oils, fats, and 
albuminous suhstances, but the liquids used in these cases are mostly 
valuable and are not allow'cd to escajie, and are at any rate small in 
amount compared witli those resulting from the eomnion processes. In 
these cases too, however, dirty waters are discharged from various w^ashing 
processes. 

Tn recent years a great deal of attention has been given to the scientific 
investigation of the processes described above. As a result it lias been 
found advantageous in many eases to use chemical I'eageiits in a 2 >ure 
form, and thus to avoid the troubles due to the complex and putrefactive 
substances with which, in the older processes, they were associated. For 
instance, dried hides are now occasionally soaked in a weak solution of 
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caustic soda, or formic or butyric acid. A weak solution of sulphide of 
sodium is sometimes used to loosen the hairs in the hides, and the waste 
li(|uid escaping from this procesvS, although smaller in amount, is even 
more polluting than that from the ordinary limes. For some kinds of 
leather a “ bran drench ” is used insteafi of, or in addition to, the bates ; 
this is a fermenting extract of bran in water which ])eeom('s charged with 
lactic and acetic acids during fermentation ; or, instead of this, pure 
lactic or formic acid is sometimes us('d. In the actual tanning process 
th(‘ tannin is sonud/imes ^'placed or assisted by the use of bicliromatc of 
potasli or soda, and as these salts are vabiable th(‘ tanner takes care to 
discharge' as little as possible. 

ill si'veral of the large tannerie's pi'oducing fancy leatlu'rs tlje skins 
are dye'd after being tanned and tiu* waste dyewaters ari' discliarged along 
w ith th(' ri'st of the liijuid ri'fuse. Tlu' dyewati'rs, although carrying with 
them considerable quantities of suspended solids, are not nearly so 
polluting in character as the' otlu'r kinds of refuse already nu'ntioiu'd. 

At most tamu'ries, hovve\a‘r, tlie old method of tanning still olttains, 
and there an' thus, gmierally, the following kinds of liquid ti'ade refuse' 

The w'aste wati'rs from the soaks, tlie limes, the bates or [aiers, and the 
spent liquors from tlu' tan pits, as w(‘ll as the waters dirtied in washing 
the skins at the various stages of the tanning processc's. Each of these 
is highly ohjt'ctionabh', and all of them mi\('d together form a W'aste licpiid 
of a most polluting character (see Table XXI 1.). 

The vohina' of refuse from a. tannery is always ditlicult to estimate. 
One tanner who deals witli*a.n average of 1000 hides amveek discharges 

30.000 gallons of trade rc'fiise daily. Another who titfis (>() hides per w^eek 
uses about 3000 gallons of water per day. 

,1. A. S. Morrison {,f<nir)L Amci\ Lmtlur (Ikcm.. .luly 1911, 

p. 3iH); estimates that a tannery having a capacity of 1500 market hides 
per week will ])robab]y run to waste 25,000 gallons of old tan liquors and 

10.000 gallons of old limes ; puers and wash waters will account for 
7t5,000 gallons, w'hilst soaks add 40,000 gallons, making a week]}’' total 
of some 150,000 gallons, or say 25,000 gallons daily. 

Currying. — This is a process by which tanned leatjlu'r is ])repared for 
various purposes. At many of the larger tanneries tliis proc(‘ss is also 
carried on, but there arc' inunerous pnanises wliere iiotlung but currying 
is done, the hxitluir having been taimod elsewhere. The leather as 
received from tlie tanneries is stee{)ed in water or a w'atery extract of 
some tanning material to soften it, and is then scoured with a similar 
liquid in order to prepare the surface for sonu; of the further processes. 
From this steeping and scouring there are disci larges of the partially 
spent tanning extracts, and these are of a polluting character, but small in 
quantity and comparatively innocuous compared with the discharge from 
an ordinary tannery (s^. Table XX 111.). 

Fellffiongering. — The follmonger deals with the skins of sheep and 
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lambs, and as a rule prepares th(! skins by removing the wool from them 
and sells them to a tanner to be further dealt with. The processes 
adopUd are like tlioso in the iirst stage of tanning. Tin* skins are washed 
in soaks to I'eniove dirt and blood, stec'ped in milk ol lime to loosen the 
wool, and sera})ed o)’ strj])])ed clear of wool and fleshings. They arc' then 
either stf'eped in lime water or pickled with snlphnrie acid and salt and scait 
oft to tin* tanncj'. Somefiines the first washing of the skins is done in a 
“burring ’’machine, in which tint skins are pnssi-d through rollers to eJe/mse 
them of dirl ;ind vegetable seeds, which ai'c washed away in a constant 
str(\im of walnr. Sometim(‘s th(‘ loosening of tin; waiol is brought about by 
a pulndactive process without the aid of lime, the skins being hung up in 
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a. wbarm damp atmosphere uiitil putrefaction has so far advanced as to 
loosen till' waiol sufficiently for it to be ])ulled off by hand. In other 
cases the skins are covered on the inside with a lime paste and stacked 
wool to w'ool, instead of being placed in a liuKi pit containing milk of lime. 

TIk; ordinary discharges from a fcllmonger’s yard are thus, first, the 
w^ater which has been used for soaking or washing the skins, and this 
is often large in amount, because a constant stream of WTitcr is passed 
through the soak in many cases; secondly, the spent licpiids discharged at 
intervals from the lime pits; and, thirdly, the washing waters through 
which the skins have passed after being removed from the lime pits and 
after being stripped of wool. 

The mi.xed refuse from a fellmongery is very similar to that from the 
limes in a tannery, although perhaps not so concentrated. It is highly 
charged with lime and organic matter both in solution and suspension 
(see Table XXIV.). 
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TRADE WASTE WATERS. 


Fellinongers, in coiiipariBoii with tanners, do not require to use a great 
quantity of water. At one place wlicre ninety skins a day are dealt with, 
the water used amounts to 1800 gallons daily. In another ease, where 
the water is supplied by meter, .3000 gallons .are used for every hundred 
skins. Where' a burring machine is used the volume of refuse may be 
much greater, as from that alone IbOO gallons may be discharged for 
every hundred skins. * 

Picker Making. — ]>icker makca- cures skins for a s])ecial purpose. 
The pick('r is that portion of a loom which drives the shuttle from side to 
side, and as it must come constantly and forcilily into contact with the 
pointed end of the shuttle, it must be made of elastic yet durable materi.al. 
The material used is tlie very thick hide of the East Indian bufhdo cured 
in a particulai- way. The hid(‘s are gcaierally recci\ed in a sun-dried state 
and ar(' soaked first in wat(T pits to soften them, then in lime pits, 
unhaired, and finally cleansed fr(‘(' of lime in wash pits. 

Here again th('- mixed liquid refuse (see Table .\XV.) is highly charged 
with animal matter and with lime, and is similar m character and aniount 
to that of tlie fellmonger. At many picker works, however, the hides are 
reccivi'd n'ady cured, and the only wet process they go througli is steeping 
in wati'i’ to soften them and to make them easy to manipulate and to cut 
up. In such cas(‘s there is frequently a stream of water running constantly 
through the st(‘(‘ping tanks, and the discharge of this water into a stream 
causes vt'ry little pollution. 

Rug Making. — Tlu're is another group of manufacturers who cure 
skins to be made into rugs. The skins ari' cipvd by a dry process, but are 
generally wjished wkh soap and W'ater and fn^piently are dyeil. To finish 
their pri'iiaiation tlu'y are placed in running water, the action of which is 
said to helj) greatly in producing a. good appearance in tlu‘. rugs. The 
waters used for cle^ansing the skins and the wast(‘ dyewaters form a 
polluting discharg(‘, whi^ch is usually, however, only small in .amount. 

Character of Refuse and Treatment.— The waste waters fi'om the 
various branclu's of the leather trade are mostly of a very polluting 
character. They are highly charged with suspended matters and dis- 
solved solids, both organic; and inorganic. They nearly always swarm 
with putrefactive organisms, and were it not for the quantity of lime 
present would be unbearably offensive. Tin' ])roc(;ss of putrefaction is 
checked by the ])resence of the lime, but when the refuse' is diluted by 
being discharged into a stream the (;tfect of the lime is w^eakened and 
putrefaction sets in rapidly. 

Analyses of the various kinds of refuse an* giv('n in Tabh;s XXll. to 
XXV. For comparison analyses are .also given in Table XXV. of two 
typical domestic sewages, and it will be noted that in every case the mixed 
trade refuse is a much more polluting liquid than an ordinary domestic 
sewage. 

The complete purification of liquids so comple^i .and so highly charged 
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TRADE WASTE WATERS. 


with organic matters is not an easy matter. It is fortunate that in most 
cases ‘Sanitary Authorities are willing to receive the refuse into the public 
sewers for treatment along with the domestic sewage, and this is generally 
the best course to be adopted. 

Where a manufacturer in the leather trade is obliged to deal with his 
own trade refuse he must nearly always treat it first for tlie settlement of 
the susjiended solids, and for this purpose it should he passed through 
effective settling tanks (see Cliapter XI.). In the case of tanyard refuse 
the lime liquors and the tan liquors precipitate one anotlier to some 
extent, but it will be found advantageous to use ad(liti<)nal precipitants, 
such as lime and copperas used togctlier, or alumino-ferric. In using such 
precipitants care must be taken to have sufficient Jime preticiiU or the iron 
may combine with the tannin to form an inky solution. 

The tank effluent after precipitiition is still a very impure liquid, more 
polluting than any ordinary domestic sewage, but is in suc.h a condition 
that it can readily he further purified. Where a sufficient area of suitable 
land is available tliis purification can be best effected by careful iirigation, 
and at many of the smaller tanneries this method is adopt'd with success. 
The area required for irrigation is considerable even where the soil is 
suitable, and probably at least an acre should be ailow(‘d for (wery 5000 
gallons of the daily flow. Where suitable land is not available the tank 
effluent can be purified to any desired extent by one or more ajqdications 
to percolating filters (see Chapter .\l.), followed by straining through a 
sand filter to remove the humus or residual suspended matter. This is 
evident from the ^results obtained by the Massachusetts State Board of 
Health (Forty-first Annual lleport, 1909, p. 349). The ])ercolating 
filter used by them was composed of broken stone to a dt'pth of 6 feet, 
and was supplied with the liquid at rates varying from 100 to 300 gallons 
per square yard per day ; but these rates appear to be rather excessive in 
dealing with such a liqiiid. For ordinary tanyard refuse, precipitated and 
settled, probably 50 gallons per square yard per day on a 6-foot filter 
would be as high a permanent rate as would be advisable (cp. Royal 
Commission on Sewage Disposal, 1898, Fifth Report, pp. 117-118). In 
these Massachusetts experiments, further details of which are given in the 
Forty-second Annual Report, 1910, p. 266, the filter effluent was strained 
through a sand filter at rates varying from 15 to 30 gallons per s(iuarc 
yard per day, and “ the effluent from this filter was well nitrified, stable, 
and practically odourless.” If, as suggested above, the refuse were passed 
through the percolating filter at a lowxr rate, and especially if a hum\is 
tank were interposed, then no doubt a much larger volume per square 
yard could be passed through the sand stndners, say 250 gallons, an 
amount which would be allowed by the Local Government Board in the 
case of domestic sewage. 

Professor Dunbar of Hamburg has demonstrated by experiment that 
refuse of this kind can be rendered non-putrescible by troatmept in double 
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contact beds ; but it is evident from the nature of the liquids, and 
especially from their greedy absorption of oxygon, that the contact beds 
are not so suitable as percolating filters. This is also borne out by 
experience at sewage works where a large proportion of tannery refuse 
is mixed with the sewage. 
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CHAPTER VI. 

THE PAPER TRADE. 

Raw materials — Processes tor ilitlcreiit kinds of ]>a|)er— The ]>a]»er machine —Volume of 
wa-ste water — Treatment— Oaustioising — Separate treatment of kier liquors — Pe-use 
of re-covered tibre— Analyses — Wood-piili» manulacture— Biblioi^mphy. 

Tiik nature of tlie liquid refuse from paper makiiif^ depends chiefly upon 
the kind of raw materials used ; and as these imdude smdi widely different 
substances as rags of linen and cotton, rough sacking, old ropes, old paper, 
esparto grass, straw, and wood pulp, it can readily bo understood that the 
refuse from different mills may he very dissimilar. In addition to the 
refuse produced from the raw materials, tliere are discharges of the various 
substances us(‘d in the processes of manufacture, such, for instance, as the 
lime and soda used for the cleansing and disintegration of the fibrous 
materials (?mployed, and the hhuiching, colouring, sizing, and filling 
reagents ; so that ^tiic resulting combined refuse has a very complex 
character. 'I’o give a proper idea of the various kinds of refuse, it will, 
perhaps, he simplest to describe the processes of paper making as carried 
on in particular mills whore dift’erent kinds of paper are made. 

In one mill where a high-class notepaper is made and the raw materials 
are chiefly linen and cotton rags, mostly the latter, with the addition of 
some wood pulp, the rags, after being sorted, are cut into small pieces, and 
passed through a “willeying” machine, for the purpose of cleansing them 
of dust. They arc then boiled, under slight steam pressure, with water 
and caustic soda, of which from 5 to 10 per cent, of the weight of the 
materials is used. After the caustic lupiid is run off, they receive, while 
still in the boiler, one rinsing with water, and are passed into the 
washer,” where they are thoroughly washe<l with a large quantity of 
clean water. They pass out of the waslicr through rollers which express 
most of the water, and arc conveyed to the “ breaker,” where, along with 
the wood pulp, they are torn up into their constituent fibres, and receive 
a further washing. Through both the washer and the breaker a current of 
water is constantly passing, so that what is first discharged is considerably 
fouled, but the processes are continued until the escaping water is clean. 

The next process is that of bleaching, where Uhc materials, now in the 
condition of “half pulp,” are treated with dilute chlorine liquor, soured ” 
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with sulphuric acid, and rinsed in clean water. From the bleaching process, 
after being again pressed nearly dry, the half pulp is conveyed to a “ beat- 
ing engine," similar in construction to the “breaker,” in which are t-dded 
colouring and “loading” materials, and from which the liquid pulp passes 
to the paper machine. 

The paper machine is very complicated, but consists essentially of an 
endless b^nd of wire cloth kept moving forward horizontally. The pulp 
as it falls on to the wire cloth is spread evenly upon it, the fibres are felted 
by a lateral jerking, and finally a continuous sheet of paper is formed, the 
water escaping through the meshes of the cloth. The wire cloth delivers 
the wet sheet of paper on to a continuous roll of felt, which carries it for- 
ward to deliver it again to a series of rollers and heated cylinders, from 
which it issues as the finished article. 

All the water whicli has been strained from the pulp, carrying with it 
a large amount of fine fibres along with loading and colouring materials, 
escapes into a tank under the machine, and from this most of it is pumped 
back to be mixed again with the pulp. There is always, however, an 
excess of this “backwater” which has to be dealt with as refuse. 

Fnjm the above it will be gathered that the .sources of pollution in the 
process of paper making at this mill are somewhat as follows, and under 
the same beads the discharges from all paper mills can be classed. The 
quantities of refuse given are only approximately correct, and it must be 
premiseil that at this mill only high-class papers are made, and the supply 
of water is practically unlimited, so that probably more water is used than 
at most mills. • 


(1) The waste alkali used for the boiling, termed' 

technically the “boilings” 

(2) The water in which the rags are rinsed after 

boiling, known as the “ coolings ” • 

(3) The water from the washer .... 

(4) The discharge from the breaker 

(5) The spent chlorine and acid waters from the 

process of bleaching 

(6) Any excess of the water which has passed 

tlirough the wire cloth of the paper machine 

(7) As a paper mill must be kept scrupulously 

clean, a large amount of water is used for 
swilling the floors 

(8) In the making of the bleaching solution there 

results a limey sludge, which should, 
however, not be allowed to escape along 
with the liquid waste. 


Gallons 

Per Ton of Paper, 


4,000 


12.500 

50.000 

2,000 

15.000 

4.500 


Total 


88,000 
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In another mill, wliere white printing paper is made from wood pulp, 
the pulp is thoroughly washed in a washer, is bleached in the same 
machine with chlorine liquor and weak acid, and again washed. It is 
then put into the beater, where the necessary loading is added, and from 
the beater the pulp is delivered to the paper machine. The excess of 
water from the maeliine is passed through a “ stuff catcher,” in which most 
of the hbrous matter is retained, while the water overflows and is partly 
pumped back into tlie washer, and partly allowed to escape. The 
polluting liipiids are thus the discharges from the washer and some of tlie 
water escaping from the machine. 

At a third mill “ press paper ” is made. This is a stiff brown card- 
board, highly polished, which is used in the cloth trade to be placed between 
the layers of clotli during pressing. Heat is applied to the cloth during 
the pro(;ess, and thus the paper imist be of such a nature as not to injure 
the cloth even when lieated. 

The raw materials from which ])ress pai)er is made are hemp and jute, 
usually in the form of sacking or old roj)es. These are cut up by hand 
into pieces of convenient size and passed through a rag-grinding machine, 
whore they are torn into small fragments. Tliey are then boiled with 
milk of lime under steam pressure, ])artly for cleansing jmrposes and 
partly to disintegrate the material into its component fibres. To a ton 
of raw material about 2 cwts. of lime and hOO gallons of water are added. 
The material after this boiling is taken to the rag engine, where it is 
first waslu'd and then ))eaten in w^ater to form the pulp for the papcjr 
machine. In the paper machine in this case- the pulp is delivered on to 
an endless “ blanket ” or roll of flannel, through which the water escapes 
and leaves the pulp to form the sheet of paper. 

The refuse waters are therefore the lime liquid from the boilers, th(‘ 
dirty water from the rag engines, and the excess of water from the paper 
machine. Much of this, waste water from the paper machine comes from 
the process of cleansing the blanket on to which the pulp is discharged. 
The blanket is in the form of an endless belt, carrying the pulp forward 
to a roller from which the paper is taken off by hand. As the blanket 
returns under the machine to the point where it receives the pulp it is 
cleansed of adhering fibres by a series of jets of water A\hich play on it 
constantly. Owing to the filtration of the waste water through the flannel 
and its dilution by this large amount of cleansing water, the waste from 
the machine in this case contains much less impurity than in other classes 
of paper works. It is in fact in this case simply passed through a “ save- 
all ” to recover fibre, and then discharged without further treatment and 
with little detriment to the stream 

At many mills esparto grass is used as a raw material. This is boiled 
under steam pressure in a solution of caustic soda, which dissolves out 
silica, resin, and various other organic matters, amounting to 50 per cent, 
of the weight of the grass. The weight of soda used is about 10 per cent. 
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of that of the raw material. When the first “ boilings ” have been drained 
off, clean water is run into the boilers and steam is again turned on. The 
resulting liquid is also drained off, and further quantities of cold wiler are 
added, partly for cooling and partly for washing the grass. The boilings 
and the first washings are both grossly polluting liquids, the former some- 
times containing over 8000 parts of solid matter per 100,000, and the 
latter ab(»ut a quarter of this amount. The later washings are less 
polluting in character, but are still quite unfit to discharge to a stream. 
The boiled grass is then transferred to the washers and treated in the same 
manner as rags, and the polluting discharges from further processes are 
similar to those already described as produced in the manufacture of paper 
from rags. 

The (piantities of the various polluting discharges from a paper mill 
have already been giv('n in the description of the processes, and the total 
amounted to 88,000 gallons per ton of paper in the case of a mill where 
a high-class notepapcr is made. The Royal Couuiiission of 1865 (First 
Report, j). 10) found the (piantity of water used per ton of paper to be 
nearly ‘250,000 gallons, while Arnot in his Cantor Tjectures of 1877 
estimated it to he between 30,000 and 40,000 gallons. In the evidence 
givcTi before the Royal Commission of 1898 (Seventli Report, vol. 3, 
Q. 30.376) it was stated that 

“in rag mills, for every ton of paper made the eHliient may be as high as 150,000 
gallon^ In an esparto mill where water is very scarce - they use esparto, and a 
certniii amount of prepared wood — the elTIiient is 10,000. In another mill, using 
rags, esparto, and some wood, but bleaching everything, it is about 30,000 gallons 
per ton of paper.” 

The difference in these estimates is, no doubt, partly due to differences in 
the raw material used, and to the quantity of water available, but probably 
is also partly due to the* re-use of much of the water in modern methods of 
paper making. 

The refuse from paper mills generally contains in suspension large 
quantities of fibres and mineral matter, such as china clay and sulphates 
of barium and calcium, and in solution much organic matter dissolved 
out of the raw materials and arising from the animal and vegetable 
matters used in sizing, as well as colouring matter and salts of lime. There 
is also frequently free chlorine present, which has been allowed to escape 
from the bleaching process, but this is quite unnecessary, and can be 
prevented by careful management. Such refuse discharged into a stream 
may give rise to great nuisance. 3’he solids in suspension are deposited 
in the bed of the stream, and as many of the solids in solution are only 
kept dissolved by the alkali present, they also are deposited when the 
alkalinity is reduced by dilution. The sludge thus deposited soon ferments 
and decomposes, giving off sulphuretted hydrogen and other offensive gases. 

The treatment of the refuse is comparatively simple in principle. The 
most polluting liquids and the most difficult to purify are the alkaline 
“boilings,” first washings, and “ coolings,” and where soda is used in the 
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boilers, as in the case of mills where esparto grass is the raw material, 
it is found best to evaporate these liquids to dryness, and to incinerate the . 
dried residue for the recovery of the alkali as carbonate of soda (see pp. 275 
and 282). This is a profitable proceeding, for as much as 75 per cent, of 
the soda can be recovered and used over again (see Royal Commission, 
1898, Seventh Report, vol. 3, Q. 29,825). 3’hc caustic soda used in the 
boilers is usually ol)taincd in the first instance from sodaash by ^‘causticis- 
ing” with lime, and the incinerated residue from the evaporating process is 
treated in the same manner. 

In this (jausticising process the carbonate of soda is dissolved in water 
by the aid of steam, and to the solution thus fornu'd, milk of lime is 
added in sufticient (piautity to combine with the carbonic acid and set the 
soda free. The (caustic solution thus obtained is used in the kiers or rag 
boilers ; tin' carbonate of lim(‘ is d(‘posited as sludge, and, like tin* similar 
deposit in the ]>repJiration of the bleaching solution, should never be dis- 
charged with the licpiid n'fuse, but should b(‘ removed with the r(‘st of the 
solid refuse of the mill. 9dus sludge is larg<* in amount and may be 
costly to dis})ose of, but has some valm^ for agricmltural j)urposeB 
(Hendrick, (Jhftnical Tvdde Journal^ 1912, 21st September, p. 295). It 
has been suggostc'd that its production (see llubuer, Canfor Lecinrea on 
Paper Socleit/ of Artu^ 1903, j). 17, and Royal Commission on 

Sewage Disposal, 1898, Seventh Re])ort, vol. 3, if 29,777) can be avoided 
by using the causticising process of Brunner, Mond tV Co., in which the 
soda ash at a high t(‘mp(u\ature is treated with ferric oxide, which expels 
the carbon dioxide and combines loosely wilii the soda. 3’he compound 
thus formed readily* decomposes on addition of water into caustic soda and 
insoluble ferric oxide, and the latt(‘r can be re-used. 

In mills where the raw materials are boiled with lime, the alkaline 
waters should be dis(!harged into a cooling and storage tank, from which 
they should b(i graduaUy let off to mix in a somewhat uniform manner 
with the rest of tlic refuse. 

The mixed refuse should then be passed through effective settling 
tanks (see Chapter XI.), and alumiuo-ferric will be found to assist 
the clarification. If the settling tanks are sufhciently large and well 
arranged and the cfiiuent is to be discharged into a stream of sufficient 
size, no further purification may be necessary ; in other cases some form 
of filtration may be required. 

In Fig. 10 a plan is given of the purification works at the first mill 
mentioned (p. 84). These consist of a storage tank for the recciption of 
the refuse from the rag boiler, so that it can be discharged gradually to 
mix with the rest of the refuse, three settling tanks, followed by a patent 
filter, and a sludge press fed by an eWator. The filter in this case 
(Wilson’s patent, made by Masson, Scott k Co., Ltd., New Wandsworth) is 
in duplicate, each half consisting of a rectangular cast-iron cistern filled 
with sand as filtering medium. Above the level of the filter a flushing 
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cistern is fixed, which is kept conshintly supplied with clear or filtered 
water. When the tank effluent is passed through the filter the sand soon 
becomes clogged by the solids retained on the surface, and wii^sn this 
happens the liquid ponds on the surface until it reaches a height which 
sets a syphon in action, with tlu^ result tliat the (‘flhient from the filter is 
automatically stopped while' the flushing water fi*om the eh'vated cistern 
is admitted underneath the filtering nKjdium, togetluir with a supply of 
air. This current of air and water passing \ipwards through the sand 
washes out tlu' deposit'd solids, which are discharged again to the settling 
tanks. This washing (unnes automatically to an cud and the filter again 
comes into action. 

The (japital outlay on the whole plant, as shown in the illustration, 
including land for tip])ing the sludge, was £1500. The annual (charges are 
given approximat('ly at £150, including £1H for depreciation, £40 for 
wages, £17 for steam, and £75 for interest on ca])ital. 

Fig. 11 shows the purification works at the second mill (p. 80). They 
consist of two larger settling tanks to which the refuse is pumped, a filter 
of ashes u})on broken stone, and a sludge lagoon. 

Many other ])lans of purification works can be found in the Fourth 
lle])ort of the Royal Commission, 1868 (p. 62), in Mr Naylor s book on 
Tra<hs' ]Voste (p. 216), and in a Report on Trade Refuse by Dr Schiele 
{Miiteiluiuien am dev Koniyliclien Pn(fnv(fsansf(ilf vu Jin'lnt, vol. 11). 

Table XXVI. shows the composition of the vai'ious kinds of refuse 
and the results of treatment. PVom this treatment oi the r('fuse large 
(piantities of sludge residU consisting in great part oi fibrous matter 
which can be used for making inferior kinds of pa])i'r.* 

At th(' fii’st of the two mills mentioned abovt'. 100 tons of sludge per 
annum are obtained from a daily flow of 330,000 gallons of refuse, and the 
manufacturer has be(’n so struck by this w'aste of material that he is at 
present introducing a})])arat\is for the recovery^ of much of the fibrous 
material from the wast (5 watex’s. At the second mill about 45 tons of 
paper are made weekly, and the sludge I'ecovered from the purification 
works iimouiits to 50 tons per annum, but in this case only w'ood pulp is 
used as the raw material, and grc'at care is Uken to prevent escape of fibre. 

The sludge thus recovei'od from the combined refuse is, however, mixed 
with all the dirt which has been washed out of the I’aw matei’ial, and the 
fibrous matter is uuusabhx The better plan is to treat the waste dis- 
charged from the bi'oakers, the beaters, and the paper machine sc'parately 
for the recovei’y of pxdp, which is then fit for use as a raw material, leaving 
the dirty water from the boiler and w'asher to be otherwist^ dealt with. 

At Darwen Paper Mill, Lancashire, where wood pulp is the chief raw 
material used, a very excellent set of settling tanks has been provided for 
the purification of waste waters. The lai’ger proportion of these tanks is 
set aside for dealing with the cleaner waters, and the sludge deposited in 
them is pressed and Ui^d over again in the mill. By this arrangement 
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more than half the total sludge can bo rc-uaed, thus avoiding great waste 
and lessening the amount of sludge for whieli a tip has to bo found. 

It IS inereasingly the praotiee to attiieh a fibre-saving maehinc, such as 
Fullnor’s Stuff Cateher (Fig. 12), to each paimr maehine. To this, any 
overflow from the “stuff chest” which feeds the paper machine and all 
the water draining from the latter are discharged. From these liquids 
the fibrous matter settles and is returned eontiiiuously into the stuff 
chest. One great advantage of tliis process is that it is continuous and 
that the recovered fibre can be used up again immediately, no pressing or 
storing being recpiired. Several inanufaelurers state that the pulp savec 



Kid. Hi.- -Fulhier’s Filter. (Otto Lochia, Loiuloii.) 


by Hiich moans yields a handsome profit, incrcasin^^ the output of paper 
by 2 or 3 per cent. The rcuiioval of so mucli solid matter from the refuse, 
moreover, j^n’eatly lessens the simount of sludge to be dealt with, and 
renders the treatment of the rest of the refuse much easier. 

There are other forms of filmf-savin^: apparatus, such as the patent 
tanks of Mr M. Allen, C.E., of Manchester, Fnllncr’s Filter (Fig. 13) and a 
conical “Save All” (Fig. 14). In the filter the back water is strained 
through a continuous felt cloth wliicli is kept revolving by machinery 
and cleansed by a water spray. The save all is in the form of a truncated 
cone revolving on a central axis and covered with perforated copper, the 
back water being admitted into the interior of ^he cone at the narrow 
end and escaping through the perforations, while the pulp gradually 
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falls to be discharged at the lower and wider end of the cone. In 
connection with these a filter press is generally used, so that the fi^re is 
recovered in the form of a pressed cake. Fibres thus recovered is gener- 
ally considered unsuitable for making high-class papers, and is often 
sold to other manufacturcirs who make coarser papers. In any case it 
must be loojted upon as a raw material and passed through all the ordinary 
processes, and before it again rcacdies the paper machine there may bo a 
change in the kind or colour of pa]>e)‘ made, so that it cannot at once be 
re-used. An apparatus such as a stulV catcher or save-all is not sufficient 
to purify effectively the waters passed through it, and these must after- 
wards 1)0 treated like the rest of the refuse from the mill. If, however, 
they are passed into separate settling tanks, the sludge depositing from 



them may be pressed and returned to tin*, mill to b^ used as raw material, 
as is done at the Darwen Paper Mill. 

■Wood-pulp Manufacture. —Tlic u«(! of \vo(hI pulp iu llio mamifacturc 
of paper is rai)idly incivasiug. and its prei«rati()ii is a cause of very serious 
river pollution, especially in America and (lorraany. There are two pro- 
cesses by which the cellulose of wmsl is prepared to he made into paper, 
the one a mechanical process and the other a chemical ; but as there 
appears to be no manufacture of mechanical wood pulp in this country, 
it is unuecessai-y to describe the method of its preparation. Those interested 
will find it described in the text-books meiitioiied m the bibliography at 
the end of this chapter. 

In the preparation of oheinical wiKxl pulp there are three processes 
ordinarily iu use, in which caustic soda, soiliuin sulphate along with caustic 
soda, and calcium bisulphite along with sulphurous acid, are the reagents 
respectively employed. »hc last of these seems to be the process in use 
in this country, and that only in a very few instances. 
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In this sulphite process the wood is ground into small pieces by 
niachmery, and boiled under considerable steam pressure in kiers, in a 
solution of calcium bisulphite charged with sulphurous acid. After boiling 
for many hours the kier liquor is drained off, the kier again charged with 
waU'i* and heated up by steam, and this first washing water drained away, 
and the washing process is repeated a second time. The wood pulp thus 
prepared is taken to the paper mill and made into ])aper, as has already 
been described. 

The discharges from the sulphite process are thus divisible into three : 
tin* crude kier li(iu()r containing the spent bisulphite and the organic 
matters which have been dissolved out of the wood, a brown, slightly 
turbid li(]uid with a strong, peculiar, and not unpleasant smell ; and the 
first and second washings, which ai-e similar li([uids, but mon* dilute. The 
ci’ude kier li(juur and the first washings contain so much organic; matter 
that they are very ditlicult to j)urify ; the final washings can be mixed 
with the general refuse of a pa])ej‘ mill and purified along with it. 

For dealing with the crude kier licpior and the first washings the only 
method tct bo reconimended is a process of evajcoratioii, like that suggested 
for th(‘ kier licjuor from the boiling of csi)a.rto grass. If these liquids, 
which, as thew are discharged, have* a specific gravity of 1‘040, arc 
evaporated down until they reach a specific gravity of 1*300, the resulting 
treacly licpiid can be used for various industrial purposes, such as sizing 
paper, tanning and dyeing, preventing dust on roads, and making small 
coal into bricpu'ttes. In this cejuntry the quantity of this kind of refuse 
is so small that the' production scarcely meets the demand, and the price 
received niort' than pays for the somewhat costly evaporation jirocess, but 
on the (Continent and in America so much is produced that its utilisation 
forms a problem not yet solved. For every ton of paper pulp produced 
there is a discharge of nearly a ton of solids dissolved in the refuse 
water, so that the total waste of organic material is enormous. Many 
attempts have been made to utilise this waste, and recently it has been 
suggested that it should be used for the production of sugar and alcoliol. 

The methods of evaporation adopted are described in Chajiter XL, and 
in this case it must be remembered that the liquid contains free; sulphurous 
acid and many sulphur compounds, and acts very vigorously upon metals, 
so that the wear and tear of the evaporation plant is very great, and may 
amount to as much as 20 per cent, of its value annually. 
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CHAPTER Vll. 

THE TEXTILE TP.ADES. 

Classifioatioii of irado prooessfts— Cotton Idoachini^ - Kier liquor— f'ottoii- waste bleaching 
— Degreasing— lilcaehing and retting of llax, honi}), and Jute — Wool washing— 
Recovery of potash and grease —In i pro vein en Is in grease recovery — Kuithor treat- 
ment of ellluent from seak tanks— Precipitation and biological fdtration — Evapora- 
tion of wool suds {Smith-Leach ajijiaratus) — Chambers and Hammond’s process — 
Solvent jirocesses of degreasing wool — Silk boiling. 

Under this head may he grouped all the processes hy means of which 
hbrons materials eitluT of animal or vegetable origin are made into woven 
fabrics. Tlu^ most im})ortant of these raw materials are cotton, wool, silk, 
flax, hemp, and jute, and the jirocesses which they undergo yield waste 
waters which for the most part full into two categories, the first e.omprising 
the Ihpiids which result from the cleansing and preparation of the materials, 
the second those coming from the manufacturing and linishing processes. 
Refuse of the first kind, sucli as that from wool wasliing, silk boiling, and 
flax retting, contains much organic matter which has been exti’actcd from 
the materials themselves, whereas the other kind of refusii owes its 
polluting char.acter chiefly to the various reagents used, such, for instance, 
as oil, soap, fuller’s earth, and dyewares. 

l)(5aling first with the wuste watm-s resulting from the preparatory 
processes, they may he considered under the following heads : — 

1. Ifieaching of vegetable fibres. 

•J. Retting of flax, jute, and hemp, 

3. Wool Av ashing. 

4. Silk boiling. 

The purification of liejuids arising from these processes, since they 
contain large (piaii titles of dissolved organic matters, must generally 
depend finally upon biological methods. 

The secondary processes include : — 

1. Dyeing and printing. 

' 1 . Stiffening and loading. 

3. Carbonising and stripping. 

4. Yarn washing and piece scouring. 

For the most part, refuse from these prockses can bo purified by 
chemical precipitation and straining. 
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Cotton Bleaching. — Raw cotton as it reaches the spinner contains 
about 5 per cent, of impurities, which, if not removed, would impair the 
whiteness of the manufactured goods, and would interfere with subsequent 
dyeing and printing operations. These im})urities, according to Dr E. 
Schunck, comprise : — 

1. A cotton wax. 

2. A fatty acnd, wlhcb appcnirs to be either margai’ic or a mixture of 

palmitic and stearic acids. 

il. Nitrog('n()us colouring matters. 

4. Pcctic acid, which forms the greater bulk of the impurities. 

5. Albuminous matter. 

The raw cotton is usually spun into yarn or even woven into pieces 
before any attempt is made to get rid of the impurities. Further, in order 
to stiffen the libix' and to facilitate the weaving j)rocess, or in some cases to 
adulterate the goods, substances such as size and chiiui clay are added to 
such an (‘xtent that they may form as mindi as 30 or 40 per cent, by 
weight of the woven goods. The object of bleaching is to remove all 
these natural and artificial impurities from the cotton fibre, either for the 
purpose' of selling the goods in the whit(5 state, or in order to make them 
suitable for being dyed m' printed. 

So far as tin' polluting discharges are concerned, there is so little 
difference between the bhaiching of cotton piece goods and cotton yarn 
that one descaaption may serve for both. In the bleaching of cotton piece 
goods there are s('veral processes in common use. In that most j)racti8ed 
the various operations are : — 

1. drey washing. 

2. Boiling with lime. 

3. Treatment with weak acid. 

4 . Boiling with soda ash and resin soap. 

5. Treatment with a solution of bleaching pow’Ber. 

(). Treatment with weak acid. 

7. Final washing. 

1. In the “grey washing” the goods arc passed through water, which 
removes some of the soluble matters. The wet goods after this washing 
are allowed to lie in a heap, when fermentation is set up, which renders the 
starchy matters soluble. 

2. In the “ lime boil ” the goods are passed through milk of lime and 
packed in a “ kier,” a large iron or steel cylinder, in which they are heated 
by steam, sometimes under pressure. After the boiling, the lime liquor is 
run off and the kier filled with cold water and again emptied. The chief 
effect of the lime boil is to decompose the fatty and oily matters contained 
in the pieces, with the formation of lime soaps which adhere to the fibres. 
It also removes starchy and other soluble matters, and chemically changes 
other impurities, so that tl^y are easily washed out afterwards. In some 
oases soda is used instead of lime, and has much the same effect. The 

7 . 
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goods removed from the kicr are washed in water to remove the im- 
purit' js and as much of the lime; as possible. 

3. Tlie goods are then ])assed through a w'eak solution of sulphuric or 
hydrochloric ackl, the “first sour” or “grey sour.” This decomposes the 
lime soaps on the fibre and dissolves metallic oxides and other miiuTal 
matters, which are then removed ))y another washing. 

4. In th(' next process the go(Kls are boiled, usually under pressure, in 
a solution of soda ash and resin, the “lye boil,” and are then further boiled, 
either in a. wevdi solution of soda or in water, to dissolve the resin soap, 
which is afterwards removed by a thorough washing. In this lye boiling 
the fatty acids are dissolved out by the alkali used, arul the resin soap 
removes from the fibre some constituents which rt'adily absorb colours. 
The resin, therefore, is chiefly used for goods which arc' to be printed, and 
in bleaching other goods is often omitted. 

5. Th(' ne\t process is that of bleaching proper, or “ chemicking.” Jn 
it the goods are passed through a bleaching solution, pi*e})ared by mixing 
bleaching jxnvder with water, allowing the solids to settle, and drawing ofl' 
the supernatant liejuid. After the chemicking the goods are washed in 
water, but are sometimes first piled in a lunip so as to allow the bleaching 
ag('ut time to act with the assistance of the carbon dioxide of the air. 

0. In tlie “white sour” the goods are again passed through a weak 
solution of sulphuric or hydrochloric acad, which complc'tes the bleaching 
process and dissolves the lime salts resulting from the use of the bleaching 
solution. 

7. The goods ar(! finally thoroughly washed in large volumes of clean 
vvat^r, aiifl in the case of yarns this final washing is ])roc(;ded by sofb'iiing 
the yarn in a hot solution of soap. 

The waste liejuids discharged from these different proei'sses vary greatly 
in cliaracter (see Table XxXVlL). Much of the water used for washing is 
only slightly polluted^ and can he little improved by ordinary methods 
of treatment. It can, in fact, in many cases, be discharged to a stream 
without much detriment to the w'aters. Hut if this is done it needs great 
care on the part of the manufacturer in dividing his cleaner wat(*rs from 
the more polluted (see p. 199). By far the worst Ihpiid is that whicli is 
discharged from the kiers, and this should he disposc^d of sejjarately, and 
for this i)urpose various contrivances have been adopk'd. In some cases 
it is got rid of by pouring it into disused pits or by irrigating it upon 
land where it can percolate into the suhsoil. If siujh simple methods of 
disposal are not available, then recourse must he had to special means. 
When a waste soda liquor is neutralised with sulphuric acid there is (see 
Table XXV III.) a large precipitation of the contained solids and a great 
reduction in the oxygen-absorbed figure, which shows that much of the 
organic matter is removed, and after settlement, the residtirig neutral 
liquid can be mixed and treated along with tCie rest of the bleach-croft 
refuse without difficulty. In the case of a lime li(pior the effects of this 



Table XXVII. 

REFUSE FROM BLEACHING OF LIGHT COTTON GOODS. 
{Results expressed in parts per 100,000.) 
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Grey chemic . 

Wash after grey chemic 
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acid treatment are nmch less marked, but instead of sulphuric acid, carbon 
dioxidi or flin* gases could be used. 

Hut perhaps the best method of dealing with tl»e kier liquor is by con- 
centration and evaporation. When a soda lye is used in the kiers it still 
contains after the boiling a large amount of nnexhaust(;d soda, besides that 
which is combined with organic matters extracted from the materials, and 
this soda is recoverable by the same method as that used for ^hc boilings 
of (Esparto grass (p. The strength of the lye in this case is con- 

siderably less tlian that in the paper-trade refuse, Init tlu; recovery of soda 


Tabi.e XXVlll. 

KFFECT OF ACID ON IvIER LIQUORS. 
{Jii'suJls rxprf'sarAi in parts per tOOyOOO.) 


Sumjik' IVoni 

Solids in Huspension 

Oxygen absorbed by 
N 

Filtrate from ner- 

80 ^ 

manganatc in four 
hours at 2fi‘7“ C. 

{dri<'d at 100'' (J.) 

First S(i(la boil from bleaching cotton 
waste 

638*0 

•2775 -0 

l)o. after a<l(ling acid 

3163*0 

1314*9 

Second soda b(»il from bleaching cotton 



waste 

80*0 

80*2 -0 

Do. after adding acid 

745*6 

440*0 

Lime boil from bleaching light cotton 

1 goods . . • . 

71*6 

40*1 1 

I Do. after adding acid 

31*4 

35*4 

Lime boil from bleaching light cotton 
goods 

i 

6-9 i 

.50*4 

Do, after adding acid 

16*6 I 

50*2 

Soda boil from lileaching light cotton 

i 


j goods 

42-8 j 

17*2 

Do. after adding acid 

81-0 i 

9-2 


will at least go a long way towards paying for the cost of the process. In 
some cases, moreover, it is possible to use the spent lye a second time, 
strengthening it by the addition of further quantities of soda, and thus 
to obtain an alkaline li(iiiid sufficiently strong to make its evaporation 
profitable, or this object can be to some extent atbiined and the polluting 
discharges lessened by using the first washings from one kier to make up 
the lye for the next. The necessary apparatus for evaporation and the 
method of its use will be found described in Chapter XL Whore a lime 
boil is used there is obviously no return to be expected from an evaporation 
process, but in such cases it may be found advantageous to use soda instead 
of lime, or the kier liquor may be precipitated ivith sulphuric acid before 
being mixed with the rest of the refuse (see Table XXVIIL). 
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Where for any reason no separate treatnumt of the kier licpior is 
adopted, it should bo stored up to be discharged so as to mix gntiually 
with th(5 rest of tlu; bleach-croft refuse.*. If this is not done the sudden 
rushes of strongly alkaline liquor will be certain to upset any method 
of treatment. 

If the Jtier liquor is dealt with separately, as above suggested, the 
treatimmt of the refuse fi’om a bh^acli croft is not a difficult matter. Such 
a liquid, as has already b(*en suggested, lends itself to purification by 
biological methods because of tlu^ organic matter it contains. 

Mr W. Naylor, A.M.1.(J.E., in bis book on Trades' Waste^ describes 
works for the purification of bleach-croft refuse both by means of contact 
beds and percolating filters, and states that he obtained good results by 
both methods. These works are still in use;, but, as the area of filters is 
too small to deal propeudy with the volume of refuse passing through 
them, the results obtained are more the eflect of simple straining than of 
biological action. In order to laaider the refuse nioi’e susceptible to 
biological treatment, Mr Naylor kept it in a tank to which septic sewage 
sludge was added from time to tinu* ; but this seems scarcely necessary, as 
the refus(' kept by itself soon becomes s(‘ptic and evolves sulphuretted 
hydrogen. It is, in fact, now generally h(‘ld that such liijuids should not 
be allow(‘d to beconu* septic Ix'bm* being appli(‘d to biological filtc'.rs. The 
addition of the sewage* sludge, however, may have the effect of introducing 
organisms which play an important ])art in the destruction of the organic 
matters in the refuse. 

In the 1900 Ilej)ort of the State Board of Health of^Massachnsi^tts it is 
stated (j). 301) that mixed refuse from a bleach croft can be dealt with by 
sedimentation, followed by filtration through three feet of sand at a rate 
of 50,000 gallons p(;r acre daily, with the production of an eflluent showing 
91 per c(‘nt. purification as determined by the oxygen absorbed. 

Laboratory experiments bear out tin; above conclusions, for on applying 
a settled mixture of the various discharges, including a more tlian pro- 
portional amount of strong kier liquor, to the filter described on p. 117, an 
effluent was produced (see Table XXIX.), showing nearly 60 per cent, of 
purification when judged by the oxygen-absorbed figure, containing large 
amounts of nitrates, and remaining inoffensive and stable on incubation. 
The liquid was applied to the filter at the rate of 33 gallons per cube yard 
per day, the whole being applied during eight hours out of the twenty-four. 
A second filtration of this effluent produced little further purification. 

From the foregoing examples it is abundantly evident that these 
bleach-croft liquids are amenable to biological treatment, and the best 
method of dealing with tluun appears to bo the separate disposal of the kier 
liquors, the mixture and settlement of the other discharges in tanks such 
as are described in (Chapter XI. (the tank treatment can be much assisted 
by the use of a chemical^ precipitant), and the distribution of the settled 
liquor upoji a percolating filter, such as is described on p. 269, at a rate 
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not exceeding 100 galloiiH per cube yard per day. It may also be 
necessary to provide straining lilters or secondary tanks for tlie removal 
of suspended matter from the percolating filtt^r effluent. 

These biological methods recommended above do not seem to have been 
brought into use on a sufficient scale at any l)leach croft ; the treatment 
carried out is usually settlement of the mixed refuse, sometimes aided 
by precii)it?iti()n with aluinino-ferrie, followed by straining through filters 
of cinders or clinktu' ; but this does not apj)ear to give a really satisfactory 
result in any ease, and there are few bleae.h crofts of any im])ortauce which 
do not injuriously affi'ct the streams into which their refuse is discliarged. 

As exa,mpl(‘s of the kind of r(‘f«ise produced in cotton bleacihing and 
the effect of its treatment by settlement and straining, the analyses in 
Table XXVI 1. are given. The total daily flow of refuse at tlu' bleach 
works where these samples were taken is about 7 r ),()()0 gallons, of which 
the larger proportion, consisting of the washing waters, is discharged 
direct to tlu' stream. The more polluting j)art of the refusi' is received 
into a sump of 18,400 gallons capacity, from which it is jiumped by 
means of a steam injector int(> two settling tanks, (‘ach holding 4500 
gallons. These overllow on to two cinder lilters, each of 1 0 square yards 
ar(‘a, and a sludge filter is provided for receiving tlu' sludge which settles 
in the tanks. A plan and section of those works are given in Fig. 15. 

In this case the (juantitie.s of the various Ihjuors discharged from 
bleaching 1000 lbs. of cloth are : — 


liinu' boil .... 
Sj)ent chlorine liqum* . 

Spent acid .... 
Soda-ash boil 
Was! ling waters 

Total 


400 gallons. 
^0 „ 

00 „ 

. 400 „ 

. 14,080 „ 

. ?5,000 


Although no provision is here made for treating the ki(‘r liquor 
separately or discharging it gradually so as to mi.x uniformly with the rest 
of the refuse, the latter object is to a great extent attained by the mixing 
which takes place in the comparatively large sump. 

Cotton-Waste Bleaching. — An important industry in the cotton 
districts is that of bleaching cotton waste, which is afterwards made into 
gun-cotton. The raw material of this industry consists of the cotton fibre 
swept from the floors of spinning mills, and of the cotton waste which has 
been used for cleansing machinery. Tt is thus extremely dirty, containing 
sometimes 30 per cent, of impurities, and of these, half, or more, may be 
oil or grease which has been wiped off the machinery. 

The processes of bleaching cotton waste are practically the same as 
those already described %)r dealing with cotton piece goods, but the grease 
present raises special difficulties and may cause much more polluting 
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discharges, if only the ordinary processes are employed. In the best 
equipped mills the cotton waste is first degreased by being treated in 
closed iron vessels with a grease solvent, such as petroleum naphtha. The 
solution of grease is afterwards distilled to separate the solvent from the 
grease, the former being re-usiKl and the lattc^r sold as a byc'-prodmjt. This 
process is fortunately quite a profitable one, Ix'sides rendering the after 
process of ])leaching much easier and the final discharges 'much less 
polluting. 



PLfiN. 



SEcnon. 


Ft(J, ir>. — Woi’ks for the Purification of Refuse from Cotton Bleaching. 

For the degreasing of such materials as cotton waste by a solvent 
process several forms of apparatus are in use. The new process described 
on p. 125 in connection with the degreasing of wool is e(pially applicable 
to cotton waste, and is probably the most economical and most complete. 
The usual process is described in Chapter X., p. 211, as applied to the 
degreasing of sludge cake. 

The grease in cotton waste can also be extracted by the aid of steam 
in the Turbine Centrifugal Fat Extractor of the Industrial Waste 
Eliminators, Ltd., 20 High Holboni, Ijondon. Their machine is in the 
form of a centrifugal drier such as is found in npst textile factories. It 
is driven by a steam turbine, and the exhaust steam is made to permeate 
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the greasy material. By centrifugal action the grease liquefied by the 
steam is driven to the periphery, where it is collected. In dealii^ with 
greasy mill cloths it is stated that only 2 per cent, of grease is left in the 
cloths after treatment in this apparatus. 

The degreased cotton is freed from the last traces of solvent by means 
of superheated stc^am, and is then tlmroughly washed with water and 
afterwards with weak acid, boiled with soda ash, waslu^d, t;hemicked, soured, 
and finally washed. Larg(^ volunuis of water are used in all the washing 
processes, which are carried on in “beaters” similar to those used in 
preparing paper pulp. 

KiVen after a degreasing ])rocess the combined refuse from cotton-waste 
bleaching (s('e Table XXX.) is much more pollutiiig than that from an 
ordinary bleach croft, inasmucli as the raw material contains a great deal 
of filth which is not present in raw cotton. 'Phe worst discharge is that 
from the kiers, whicli should, as already suggested, be treated separately. 
In tlie discharges from the repeated washings a great deal of loose cotton 
fibre esciipes, and this it is found highly prolitable to recover by the aid 
of sc.reening api)aratus, such for instance as that shown in Figs. 41, 42, 
and 4.‘J. Us amount may be as much as 2 per cent, of the raw material, 
and if not recov(‘red it adds considerably to the dilliculties of purification, 
especially by increasing the amount of sludge produced. 

The further i)uriiication of the refuse may be efiected by the same 
means as are employenl for that of an ordinary bleach croft (see p. 101), 
provided, that is, that the degreasing process is first adopted, and this 
should always be insisted up(*n. 

Table XXX. gives tlu' analyses of the various discTiarges from cotton- 
waste bleaching at a mill provided with an up-to-date solvent plant for 
the extraction of grease. It shows also the results of simple settlement 
of the mixed refuse. In this case the (piantitics of the various discharges 
from the bleaching of 1000 lbs. of wast(‘ are approifimately as follows : — 


Kicr liquor 

360 gallons 

Spent chlorine liquor . 

. 3,800 „ 

Spent acid 

. 3,800 „ 

Washing water .... 

. 16,040 „ 

Total . 

. 24,000 „ 


Flax, Hemp, and Jute Bleaching. — The bleaching of these materials, 
whether in the yarn or the piece, is essentially the same as the process 
used for cotton. It is, however, longer and more tedious, and the various 
processes, boiling, chemicking, and souring, must be I'cpeated several 
times before a satisfactory white is obtained. Tlie raw materials contain 
a greater proportion of impurities than raw cotton ; for whereas ordinary 
raw cotton only contains tibout 5 per cent, of foreign matter, linen when 
fully bleached loses as much as 20 per cent, of its weight. 
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REFUSE FROM COTTON- WASTE BLEACHING. 
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The liquids discharged are very similar to those moiitioiied in con- 
nection witli cotton bleaching. The most polluting discharges s^ro the 
kior liquors and first washing waters, which in this case contain very much 
larg( 5 r proportions of dissolved organic matter. These liquids should be 
strengthened by the addition of more soda, the alkali generally used, 
should be concentrated by rc-us(i, and finally evaporated to dryness and 
incinerated for the recov(;ry of tiie soda (s(^e p. 275). The riduse from the 
other processes can then easily be ])urified like that of the ordiiiaiy bleach 
croft, especially if chemical preci])itants are used. 

In bleaching thes(' vegetable fibres various other reagents art' at times 
used in place of chlorine, such as permanganate of potash, bisidphites, and 
perborates, but any resulting refuse is easy to purify in comparison with 
the li(}Uors from the ordinary process. 

Retting of Flax, Hemp, and Jute. — Although the manufacture of 
textile fabric,s from flax, lu'inp, and jute is a very important industry, the 
plants from which tlu' materials are obbiined are seldom grown in this 
country. Whei-e they art' grown, tlu' process of “retting,” or separating 
the crude fibn's from the plant as harvested yields licpiid refuse of a highly 
polbiting character, bundles of the plants are steeped in water for a 
week or two, when a fermentJition takes place of the pectose in the colls 
which bind the bast fibres together, the active agents being certain species 
of bact(‘ria. This fermentation is accompanied by the solution of much 
org.iuic matter, producing a liquid which has a V(Ty offensive smell and 
which is ca})able of causing int(mse pollution if discharged into a stream. 
Retting is almost invariably done on the farms where the crops are grown, 
so that it is a (jomparatively easy matter to dis])ose of the refuse by 
irrigation upon land ; it has indeed valuable manurial properties. 

Wool Washing.- -Wool as it is removed from the she(q>’s back contains 
a considerable proportion, often over 50 per cent., of material other than 
wool fibre. This material consists in groat part ()1 animal secretions, but 
also of sand and dirt, together with vegetable matters which mechanically 
adbert^ to the wool. Rcfore the wool can be utilised it must undergo a 
washing process, in which the foreign materials are removed by the aid of 
water and soap, soda, or other detergents. 

The animal secretions are known as “yolk ” (French, “ suint ” ), and are 
partly soluble in water and partly insoluble. The soluble matters are 
mainly the potash salts of oleic acid and other fatty acids, such as lano- 
palmic and capric, and when greasy wool is washed in water these potash 
salts, which are of a soapy nature, cause the “ wool grease ” or “ wool wax ” 
to emulsify, so that it can be more easily washed out of the fibre. The 
wool grease, which is insoluble in water, appears to consist mainly of 
various esters of cholesterol, isocholesterol, ceryl alcohol, and carnubyl 
alcohol, with oleic, lanopalmic, lanoceric, carnubic, and other acids. Some 
glyceride of myristic aciS has also been isolated, and it is probable that 
free chol^terol and isocholesterol are also present. 
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The raw wool used in the wool trade varies very iimcdi in the condition 
in wh’ch it reaches the manufacturer, “(ireasy wool” from the Cape, 
Australia, and the vVrgentinc, is used to a great extent, and this may 
contain over r)0 per cent, of impurities, including as much as 15 to 25 
per cent, of grease, 6 to 7 j)er cent, of potash salts, and 3 to 24 y)er cent, 
of sand and dirt. Occasionally this wool is washed in the country of its 
origin in order to lessen freightage charges, and this practice* is constantly" 
increasing. 4’lie wool which has thus been treated is bought as “scoured 
wool,” but still contains sufheient grease and impurities to render a further 
washing m'cessary. “ Home-bred wool ” never contains so much extraneous 
matter as the unscoured foreign wools. It generally loses only some 20 to 
22 per cent, of its weight when washed, of which from 7 to 10 })er cent, may 
bo grease. “ Slipe ” or “ skin wool ” is that which is removed from the skin 
of the dead sheep, and when removed by the fellmonger or tanner most of 
it is known as “ lime wool,” since it contains considerable amounts of the 
lime iisiid in the ordinary process of unhairing (see p. 72). 'Phis lime is in 
conibimition ^\ith much of the natural grease of the wa)ol, and has dis- 
placed the potash whic.h was originally present. These ditferent kinds of 
wool are now \ (‘rv frecpiently blended befon* they are washed, when the 
j)i‘oi)ortions of grease, potash, and sand present vary according to the 
kinds of wool present in the mixture. Other iiiaterials used in the wool 
trad(' include mohair, alpaca, and camel’s hair, but these contain com- 
paratively small amounts of greasy matter or potash, although at times 
they may be exceedingly dirty. 

Th(' process of wool washing is usually carried on iii a set of three or 
four Tetrie or M‘Naught wool-washing bowls. Those are long tanks, each 
containing 500 to 1760 gallons of water at a temperature of about 40° to 
50° C. They are used in scries, the wool being pavssed consecutively from 
the fii'st to the last, and to the first bowl detergents, such as soap and 
soda, are added from time to time. The water used for washing, on the 
other hand, is passed backwards consecutively from the last to the first, 
so that the dirty w^ater is finally discharged from the first bowl, and is 
therefore all of a very polluting character, and approximately uniform 
in composition. In one case where greasy wool was being washed, every 
100 lbs. of wool recpiired 14 gallons of water, and a little over 2 lbs. of 
soft soap. Tn other cases, however, it is estimated that 100 gallons of 
water are required for washing 100 lbs. of wool. 

In small mills the wool -washing process is often carried out in a some- 
what difforeiit manner. The wool is placed in a perforated vessel within a 
vat filled with water, and soap, soda, or some other cleansing material is 
added. Stale urinci or pigs’ dung and even human excrement wore 
fornterly commonly us(d as detergents, although now less often. The 
water is heated and the wool stirred about from time to time, being 
finally drained and transferred in the perforated vessel to another vat 
to be washed repeatedly with clean water. The soapy contents of the 
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first vat are usually stored u]) and re-used until tlu'y become impi*egnated 
with grease and dirt, or too putrid to bo used, when they are dist^harged 
and the cistern is made up afresh. The discharges from this wool-washing 
process, tlicrcforc, vary greatly, imduding the. very foul and ofbni 
putrefying Ikjuid from tlie steeping tank, and the successivc'ly cleaner 
washing \vatcrs. The amount of water used in tliis way is difticult to 
estimate. * In the Third Report of the 1865 Commission (p. 24), it is 
given at 224 gallons to 100 lbs. of wool in each washing, of which there 
are two or more. This })rocess is never found in use in a mill wliich is 
entirely given ov('.r to wool combing, so that the refuse produced by it 
generally recpiii’os to bo purified along with other kinds of refuse, such 
as that from piece scouring and dyeing. 

In a wool-combing mill the wool, after leaving the w^ashing bowls, 
is dried by being s(iueezed betw'cen rollers and generally also by being 
passed through ii hot-air chamber. It is theii })repared for carding by 
the addition of some O'Oo per cent, of olive oil. After carding it under- 
goes the ])rocess of “backwashing,” wdiich is a secondary rinsing in 
soapy water of the “slivers” or loose untwisted ropes of wool produced 
in the carding process. 4dic soapy water removes the oil, but takes up 
very little dirt, as this has been previously scoured out of the wool. The 
water used in backwashing is usually less than one-tentli of the (jiiantity 
which esca})cs from the wool-washing bowls, and is not nearly so polluting 
in character. The two are generally discharged and treated togctlmr. 

The refuse from wool washing is a brown, thickly turbid Ikpiid, often 
covered with a greasy, frotliy scum, and yielding a considerable deposit 
of mineral matter on standing. It is strongly alkaliiKJ in reaction, has a 
peculiar smell even when fresh, and soon becomes very ollensive from 
putrefaction. Analyses of such liquids are given in Table XXXI. The 
first two sets of samples were taken from mills where mixed wools — 
greasy Colonial, home-bred, and skin wools— we^c being scoured at the 
time ; the third set of samples came from a mill where only greasy 
(Colonial wools were being scoured. 

Tn this refuse there are two valuable bye-products which, if recovered, 
will more than repay the cost of the purification process. The first of 
these is the potash, which may yield (see Table XXXV.) one ton of 
carbonate of potash from 55,000 gallons of refuse. The ordinary process 
for recovering the potash is to pass water repeatedly through the raw 
wool until it has dissolved out a sufficient amount of potassium salts to 
make an evaporation process profitable. After this solution of potassixim 
salts has been evaporated down sufficiently, it is passed into a revolving 
cylindrical incinerator (Fig. 66) and ignited, with the production of 
crude carbonate of potash. This is the process generally adopted where 
wool is scoured with soap in the usual way, but in solvent processes for 
cleansing wool, and in tl^ methods of dealing with wool suds adopted by 
Messrs Chambers and Hammond and by Mr Leach, and described later, an 
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aqueous solution of the ])otash salts, comparatively free from grease, is 
incidentally obtained, so that this preliminary soaking of the wool i^ water 
is not necessary. In practice, however, all this valnahle potash is abuost 
invariably wasted and allowed to escape down the mill drains. 

The other vabiabl(‘ bye-produet is the grease, whie.h is almost invariably 
rccov(‘red by tr('ating tlie wo(d suds with acid and pressing the grease out 
of the deill)sited sludger by the aid (jf heat. The hattaga process for its 
recovery was for a, time advoeat<‘d, but now seems to have been ahandoiied 
in this (H)untry. The suds were beaten up by revolving paddles so as to 
cause the grease to form, on the surface of the liquid, a, froth which could 
be skimmed oil'. 'i’lie gr(‘ase was not tlmroughly removed, and the 
otllnent was I'ven more polluting tlian that from the ordinary acid ])roce88. 

The Livers rollution dommission of 18(15, in their Third Report, deal- 
ing witli the Rivers Aire and (./aider, mention in some detail tiu' pollution 
(;aus(‘d by tlic, discharge of woolvvashing refuse (p. 22), and the acid method 
for th(' extraction of grease (p. 27). They gave their opinkm of this in the 
following words (p. 51): — 

“ (Jur own experience is not lu favour of the success of this method of clearing 
the water. It. has not been our foi’tune to see any instance of this process being 
carried out with the re.sult of ‘very clear’ ellluent. water. On the contrary, in 
the exaniiilcs wduch we have .seen, the appearance of the li(|uid has not lieen 
sciisil>R’ alfected by the treatineut, and the water has escaped foul and objection- 
able. When the liquid passes away foul and uncleansed xve may take it for 
granU'd that grease is being waist ed.” 

Tluy gave emdaiu suggestions for the better purification of this class 
of r(diis(‘ (p. 5.5), and one or two of these suggestions have occasionally 
been adopted by maimfacttirers, but until tlie last few years the old 
process, almost unaltered, wuis iu use at the majority ftf mills. Tlie works 
erected for the recovery of the grease were fre»piently grossly lu'gleeted 
and allowed to bceoiiie dilapidated. Tlie management was generally not 
ill till- Iniiids of an employee of the manufacturer, but given over to a 
grease extractor, wliosi' aim it was to make a profit out of the grease 
recovered, wdthoiit tin* least care as to the effluent, and in very numerous 
eases this management was so slovenly, that, as the Royal Clommissfon 
pointed out, great (jnaiitities of grease were wasted by being discharged 
into the streams. Samples of the effluents from such works bear this out 
(see Table XXXI.). 

It will be noted that in the table an average figure is given for the 
acidity, but some samples were found to be alkaline in reaction, and had 
to be acidified in the laboratory before the grease could be estimated. 
Such eases clearly show earelcssuess of maiiageiiient, as the grease cannot 
be separated without making the liquid acid. In the first two instances 
the analyses show the loss of grease which may occur iu tliis process, 40 
per cent, in one case, and 17 per cent, in the other, of the total grease 
present in the crude suds being allowed to escape in the effluent. 

The following is a description of one of the very best of the grease 
extraction works on the old system, with the results of treatment under 
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bags of Sticking, and pressed in a steam-heated press, worked by hand. 
Some tons of magma in tin; puddings are dealt wnth weekly. The 
expressed oil and acid li(]uid are separated by settlement in a small tank, 
from which the oil is skimmed oil’. The oil is afterwards purified by being 
treated with sulphuric acid, heatc'd with stc^am, and again allowed to settle 
in a tank, from the bottom of which the impure Jicid water is drawn off. 
Both these acid li(piids are passed through the final top-water filter ; they 
ought to be run into the storage tank with the crude suds so as to make 
use of the acid they contain. 

The total cost of the whole plant has not heem more than £0.50. Steam 
is provided by the manufacturer, w'ho estimates its cost at some .£25 per 
annum. 'Plic management of tlic plant is in the luinds of a grease extractor, 
wdio provides sulphuric acid and labour, an<l [lays the manufacturer a rent 
of £S() ])er annum. It will lx* seen, therefore, that tin' inanufiicturer gets a 
fair return on his capital outlay. 

Samples of crude refuse and of the effluents have sevcTal times been 
taken, and analyses are set out iu Table XXXTl. Wlnai thesi' samples 
were taken, greasy Colonial Merino wool was b(*ing washed, containing 
rrJ per e(mt. by weight of moisture, grease, and dirt, before washing, and 
yielding 4-8 per cent, of clean wool. 

On examining the analyses of the final effluents to the stream, it will be 
seen that they are still very impure lupiids, much wmrse than any sewage 
effluent which would be considered satisfactory. 

Comparing these results with those obtained in the first two cases 
shown in Table XXXI., it is ajiparent that* th(‘ (piantity of grease which 
escapes in this ease is comparatively small. This is due in great part to 
the bettm- care (ixercised, and also to the proportionately large tank 
cajiacity, which allows time for thorough cooling and settlement, for it is 
found that when the acid is added to the hot suds the gn'ase does not 
separate so completely %s when the suds are previously cooled. 

In Table XXXllT. are given analyses of the solids recovered at these 
works. It may be noted that the percentage of grease remaining in the 
pressed cake is very high, and, as will be described later (p. 211), a sub- 
sidiary trade has sprung up for the recovery of grease from such magma 
cake by a solvent process. 

Recently several improvements in the working details of this process 
of grease extraction have been brought into use, with the result that a 
much greater percentage of the grease is recovered now than formerly, 
and at the same time less acid is used, so that the process is more 
economical, and the effluents, although still grossly polluting in character, 
are freed from large quantities of grease which formerly escaped into the 
streams. The acid, for example, is now frc(piently added to the suds as 
they run into the “ seak ” tank. When a tank is nearly full its contents 
can be tested, and a little more of the acid or o^ the suds added according 
to the alkalinity or acidity. In the older plants the mixing of the acid 
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and suds was effected by stirring the contents of the tank with a long pole 
on the end of which a flat board was nailed. Now, in nfearly every case 
some form of mechanical stirrer is used ; either a set of mechanically 
driven paddles is fixed within the Link, by means of which the contents 
are agitated, or a current of air is forced through the liquid by an air 
compressor or steam injector. By the above improved methods the 
amount of acid used is often reduced 20 or 30 per (;ent. Sometimes fine 
sand, clay, or flue dust is added along with the acid with a view to entang- 
ling the particles of grease, and causing them to settle more perfectly. 

The method of discharging the acid liquid aft(ir th(5 sej)aratioii of the 
grease lias also been improved, in the older works this was effected by 
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means of a scries of holes in the wall of each tank, fitted witli wooden 
plugs which were withdrawn one by one at the discretion of the man in 
charge of the works. Now the discharge pipe is geiitirally fitted with an 
elbowed pipe inside the tank, which can be lowered to let oft’ the acid water 
without letting the grease escape. Another contrivance has been brought 
into use for preventing this escape. The inner end of the discharge pipe 
is carried up inside the tank to a height just above the usual depth of 
sludge obtained, say 9 inches, and over this is placed a metal sleeve 
having numerous longitudinal slots some inch wide on the outside, but 
narrowing to inch on the inside. Such an apparatus has been used 
for a long time to separate cream from milk, and has now been adopted 
for the above purpose by Sir James Roberts at Saltaire Mills, and is shown 
in Fig. 17. 

In dealing with the deposited grease or magma a considerable improve- 
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ment has Ixhju introduced by Mr J. (Jarficld at the Sewage Works of the 
Bradford Corporation, and is now used at several mills. The magma, instead 
of being rnn into filters and afterwards made into puddings, is pumped 
directly into filter pn^ssos such as are mentioned on p. 2G7, and are to bo 
found in us(' nt many sewage works, and there it is heated by steam and 
pressed so as to expid the grease and water. This does away with the 
necessity for magma filters and the labour and cost of making the puddings. 
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Fna 17. —Contrivance for preventing the escape of Grease. 

.From the results given in Tables XXXI. and XXXll. it is evident, 
however, that the process is incapable of producing a satisfactory effluent. 

. At the best this will be a strongly acid liquor, for a considerable excess 
of acid is recpiircd to separate the grease thoroughly. It is also highly 
charged with dissolved organic matters, which are very putrescible immedi- 
ately the excess of acid is neutralised. Such a liquid, acid in reaction and 
still containing considerable amounts of grease, cannot be satisfactorily 
dealt with by biological methods alone, since the acid checks bacterial 
action and the grease clogs up the filtering material. 

By using lime to neutralise the acidity and then adding a further 
quantity along with ferric sulphate to precipitate organic matters, and by 
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provision of settling tanks for the deposition of the resulting solids, a tank 
effluent can be obtained which experiments have shown can be effl jtively 
purified either on an adequate area of suitable land or on an ordinary 
percolating filter. Table XXXI. shows the amounts of these precipitants 
required, and Table XXXIV. the effects of their use. In the samples there 
dealt with there were still large amounts of grease present, and this 
entailed th? use of corresponding amounts of precipitants, much greater 
than would bo necessary in dealing with the seak effluent from a well- 
managed plant. The precipitation produces a considerable (piantity of 
flocculent solids which even after twenty-four hours’ sedina'iitatioii form 
If) to 24 per cent, of the volume of li(piid treated ; but these amounts too 
would be gr(iatly reduced if the grease were thoroughly removed previous 
to precipitation. Even aft(u- this reduction, however, it is probable that 
1000 gallons would yield something like half a ton of li(juid sludge 
containing 90 per cent. moistur(‘. This sludge is very retentive of 
moisture, and would have to be dealt with in filter presses or dried by 
some analogous method, or it might be found possible to mix it with the 
acid sludge from the seak tanks and thus to recover the grease it contains. 
It might be economical to pump the precipitated liquid, without previous* 
settlement, direc.tly into filter presses, and thus avoid the expense of 
settling tanks and tlu' (5ost of working them. 

In the filtration experiments a small percolating filter was arranged in 
a "lass cylinder, 4^ inches in diameter and 10 inches deep, filled with 
clinker taken from a bed which had been for some years in regular use at 
sewage works. The filtcring^material consisted of pieces about an inch in 
size ill the lowei' layers, diminishing to about I inch towards the surface. 
The top 2 inches consisted of a layer of fine material of which the particles 
were between J and of an inch. This top layer was employed with a 
view to ensuring proper distribution. Doses of 10 c.c. to .*10 c.c. were 
appli(Kl at intervals, and the layer of fine materiril acted like a sponge, 
absorbing each dose for the; time being and allowing the liquid to escape 
gradually into the body of the filter. The filter, after being gradually 
accustomed to treat this refuse, was used regularly for a month 
with doses at the rate of 36 gallons per cubic yard per day, but this 
quantity was applied in eight hours, and the filter was revSted sixteen 
hours. The filtrate was collected and passed through another similarly 
constructed filter. 

Table XXXIV. shows the results obtained by this method of treatment. 
The filter effluents were all incubated for fourteen days at a temperature of 
37" C., but during this period did not show any signs of putrefaction. On 
examining the analyses it will be seen that the oxygen-absorbed and 
organic nitrogen figures are very greatly reduced by the filtration, and 
that large amounts of nitrates have been formed, in spite of the coiitonrion 
of Messrs Clark & Ada^us in their paper quoted on p. 65. It will be 
noted also that considerable amounts of suspended matter were found in 
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the effluents, but that tho effect of these in raising the oxygen-absorbed 
figures was very slight. They could be removed by suitable huiai'ts tanks 
or straining filters (see p. 268). 

The cost of this nuithod of treatment is consich'rable. The cost of the 
grease recovei'y ])rocess may be calculated from the instance given on 
p. 114, and, as stated tlieni, is more than covered by the return from the 
sale of grease. PVom the further process of treatment tlu‘re is no such 
return. In tlie case of a mill from which 200,000 gallons of wool-washing 
refuse an' discharged wei'kly, the following works would be recpiirod for the 
treatment of tlu^ effluent from tlu' grease plant : — Four precipitation 
tanks, each of 10,000 gallons capacity, which might be made of wood, and 
with foundations, valves, and littings, could he constructed for £400. A 
percolating filter 600 s(juar(‘ yards in area, 6 feet deep, which, with 
foundations and fittings, would cost, say, £500 to £600. A second filtra- 
tion might not bo necessary, but it would be advisable to have a final 
settling tank of 4000 gallons cajjacity, the cost of which would be small. 
If it w(‘re found imprficticabh' to press the sludge along with the magma 
or sludge from the seak tanks, a sludge-pressing plant to d(‘al with 20 tons 
of wet sludge per day would be r(Mpiired, and this would cost altogether 
sonic £450. Tlie whole outlay would thus be approximately £1400. 

The woi’king cost, taking precipitants at 6d. pei’ 1000 gallons, would 
be £260 a year for chemicals ; for sludge pressing, including the power, 
lime, cloths, labour, and repairs, at the rate of 2s. ])er ton of press-cake, 
which is more than the rate per ton at the Leeds Scnvagi' Works (see 
City of Leeds Sewerage Committee, Annual Report, 1911), tlu' cost would 
be £1 IK) i year ; and there would be over 1000 tons* of pressed cake per 
annum to be dis])osod of, but this should have a sale for the extraction of 
tlie residual grease liy means of a solvent, or for use as a manure. Very 
little labour would be re(pnred except in dealing with th(‘ sludge. The 
total outlay for the treatment of the effluent from the gia'ase plant would 
therefore be sonu'dliing like £1400, which at 10 per cent, for interest and 
depreciation would amount to £140 ])er annum, while the cost of chemicals, 
sludge pressing, ('tc., would be about £390 per aimum, making a total 
annual cost of £530. This would make the total cost of treatment, 
including everything except the price of the site required, 12d. per 1000 
gallons, of which 9d. would represent the working cost. Against this must 
be placed the profit from the previous process of grease recovery and the 
value of the sludge cake. 

In place of the methorl suggested above for the recovery of grease by 
acidification and further precipitation of the resulting effluent, it is possible 
to have tmly one precipitation process by using an iron salt to bring down 
together both the grease and the organic matters in the refuse. The 
resulting sludge can be afterwards acidified to release the fatty matters, 
when pressing with heat will yield liquid grease and a solution of the iron 
salts, and these, containing about 70 per cent, of the quantity originally 
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added, can be used aj^ain for precipitation. Such a process has in fact 
been iil use for some time at Messrs Kelsall it Kemp’s mills at Norden 
near Rochdale for dealing with piect; scouring refuse (see Tatton, Proc, 
Inst. Civil 1900, vol. 140, p. 4). Tt does away with the need of 
settling tanks for precipitation of the grease plant effluent. 

The Royal Commission of 1868 (Third Report, p. 29) suggested that 
such liquids as wool suds might be evaporated without undue cost, and an 
evaporation process which has >)eeu patented by ^Ir Walter Loach and 
Messrs John Smith it Sons, of Bradford, is probably tlie most perfect 
method of dealing with those liquids. The ap])a.ratus employc'd consists 
of a Yaryan evaporator, a centrifugal separator, and a, cylindrical revolving 
incinerator. The wool suds are taken fresh as they are discharg('d from 
the washing bowls and passed through settling tanks to get rid of the bulk 
of the sand and mud. These tanks are three in number and have a total 
capacity ecpial to one and a half days’ flow of the suds, and two are in use 
at one time, the third being out of use for cleansing purpostjs. The suds 
after this removal of sand are treated in a patent ’\’aryan evaporator, 
made by the Mirrlees, Watson Yaryan Company, Ltd., Scjotland Street 
Ironworks, Clasgow. This has been used very extensively for the con- 
centration of dilute liquids, for instance, in sugar refining and in the 
manufacture' of wood extracts ; it has also bec'ii used for the distillation 
of water, as, for instance, at the port of Aden, wlu're drinking water is 
distilled from sea water ; and the plant serves both these purposes in the 
process of Messrs Smith & Leach. The evaporator its(‘lf is described in 
Chapter XI. 

The suds are th'us concentrated to or of their original bidk, 
while 80 per cent, of the evaporated water is recovered, both licjuids 
issuing from the apparatus at a temperature of some' 46° C. to 49° C. Jn 
the crude untreated suds the grease exists in the form of an emulsion 
from which it cannot be separated by centrifugal action, but by this 
concentration the specific gravity of the watery part is increased to such 
an extent as to make separation possible. The concentrated liquid, there- 
fore, after being heated again to nearly boiling point, is further treated in 
a centrifugal separator, somewhat on the lines of a cream separator, where 
the rapid motion separates it into an suiter layer of sand and mud, a 
middle layer of soapy watery liquid containing all the potash of the wool 
and an inner layer consisting almost entirely of wool grease. 

The sand and mud adhere to the separator and are removed from time 
to time by hand as refuse, and by an ingenious contrivance the soapy 
potash liquor and the wool grease arc caught up separately and conveyed to 
separate receptacles. The wool grease is purified by warming it up with 
water and allowing it to separate out again by cooling. The soapy potash 
liquor is further condensed in the Yaryan evaporator till it loses three- 
quarters of its bulk, when it is passed through^ a revolving cylindrical 
incinerator, such as is shown in Fig. 66 on p. 282, in which it is burned 
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to get rid of the water and organic matter, and from which it issues as 
crude carbonate of potash. • 

The suds are thus totally got rid of, and in their place there remain — 

1. Distilled water ; 

2. Wool grease ; 

■ 3. Crude carl>onat(^ of potash ; and 

4. The sand and mud. 

The distilled water is not perfectly pure, but contains a ininiite per- 
centage of ammonia and a trace of grease, wliicli liave come over in the 
process of evajioration, but it is very valuable for use in the washing bowls. 
As much as 15 to 30 pc)’ cent, less soap is recpiired when it is used instead 
of town’s water, and it is recovered at the temperature reipiired for wool 
washing. 

The wool grease is much more valuabh' than the ordinary black grease 
recovered by the usual sulphuric-acid process, inasmuch as it is recovered 
from the fresh suds before tlu^y have undergone decomposition, and is 
quite free from mineral iicid, none having been used in the process. It is 
free, inon*over, from fatty acids, and can thus be used without further 
purification as a lubricant or for any of the other purposes for which the 
black grease, when ])urificd, is used. As a matter of fact the price 
obtained for it has been nearly double the market price of black grease, 
and it has been found very usefid as a lubricant in presence' of water and 
at temperatures up to 38^" (I 

The carbonate of potash contains from 50 to 70 per cent, of pure 
carbonate, depending upon the mud and sand present, and can either 
be used in its crude state for washing other wool, or can be sold for 
purification. 

The sand and mud possess little manurial value, but could be used with 
advantage on some soils for agricultural purposes. 

There arc two important incidental advantages in this process of 
dealing with wool suds. The suds are dealt with in a fresh state so that 
the whole process can easily be carried on without causing any nuisance, 
such as frequently arises from the careless management of ordinary scak 
tanks, and the whole apparatus occupies comparatively little room. 

From the foregoing brief description it will be gathered that the 
method is one that, for the treatment of wool suds, docs away witli the 
necessity of discharging any liquid either into the streams or into the 
sewers, and yields several valuable bye-products, and the chief point to 
be inquired into is wln'ther it can be carried out at a reasonable cost. 
The results of investigation upon this head are very satisfactory when greasy 
wools are being dealt with. 

At Field Head Mills, ^Bradford, a plant dealing with the suds there 
produced was worked for several years, but was abandoned owing to 
changes in the class of wool washed. 
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The Buds came from two sets of wash bowls, eacli sot discharging 
600 gallons an hour for ten liours a day, giving a total of 1200 gallons an 
hour or 12,000 gallons a day. The apparatus, including the Yaryan 
evaporator, two centrifugal separators, the incinerator, the boiler and 
furnace, and the necessary tanks and pumps, was, however, capable of 
dealing with don])lo this amount. The sj)ace re<piire(l for tire whole 
apparatus, exclusive of the boiler and furnace and the set of preliminary 
settling tanks, was 48 feet by 24 feet floor space, by 40 feet in height, but 
the height could Ix' reduced were more floor space available. 

The cost of the plant was somewhat large, amounting to XloOO in all, 
including a special boiler, and the working cost was considerable both in 
coals and labour, as two men were re(juircd to attend to the ap})aratus and 
another ma,n to act as fireman in the boiler house, where there was a 
special boiler, and the coals consumed in the boiler furnace and in the 
incinerator amounted to about 20 tons ])er week. On the other band, the 
value of the bye-products reciovered was very great. In .lime 1909 
Mr Walter L(‘acb furnished the Royal Oommission on Sewage Disposal 
(Seventh Report, vol fl, ]). 102) with the statement given in Table XXXV., 
showing the results of a test of this apparatus and the capabilities of the 
plant. 

In view of the great initial (;ost of the ap])aratus, it would be advisable 
in many cast's that neighbouring manufacturers should combine in the 
erection of a central plant, to which their wool suds could ))e piped. A 
short considt'ratiou will show that the application of this method must bo 
greatly restricted by the cost, and that, in fact, the proct'ss is oidy applic- 
able in cases where valuable bye-products can be recovered. The Yaryan 
evaporator re(iuires 1 lb. of coal for every 40 lbs. of water evaporated, includ- 
ing the 8 lbs. evaporated in the boiler. This, with coal at lOs, a ton, works 
out to l.‘Ud. for coal alone for every 1000 gallons evaporated. In fact, 
the Yaryan Company only claim to produce distilled water at 2s. per 
1000 gallons, taking into account the co.st of the apparatus and the 
labour, as well as the coal used. 

The process does not seem applicable, therefore, to the treatment of 
suds from the washing of previously scoured or skin wools or of mohair or 
alpaca, seeing that in thesi; there are neither wool grciise nor jiotash in 
quantities worth recovering. Unfortunately for the general adoption of 
this process, wool is combed on commission in most of the large wool- 
combing establishments — that is, it is sent in by manufacturers to be 
prepared for their use, and the diflerent kinds of wool are mixed before 
being combed, so that it is diflicult to know beforehand how much grease 
and potash will be recoverable. The samples given, however, in Table 
XXXI., taken from three diflerent works, show that, generally speaking, 
there is quite sufficient of these bye-products present to make the process 
profitable. 

A new process for the recovery of grease and potash from wool suds 
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proportionately larger. 
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has recently been patented (No. 7214, 1912) by Messrs Chambers & 
Hammond, and works on this system have recently been constructed. 
The larj^cst item of expenditure in the ordinary acid method is the cost 
of the BuljDhuric acid necessary, and these geiitloinen have discovered that 
by passing flue gases from the mill chimney through the wool suds the 
carbonic acid ])resent is sufficiently powerful to crack the suds and 
separate the fatty acids. These can be removed by settlement of the 
liquid, leaving an a(| neons solution of potassium carbonate, whicli, as 
already suggested, ean be recovered by evaporation and incineration. 
The flue gases contain some sulphuric and sulphurous acids in addition 
to tlie carbonic; acid, and these stronger acids must be removed by a 
scrubbing process if it is intended to recover potash from the suds. 

The extraction of the grc'ase from the raw wool by means of solvents 
has often been advocated, but has not yet come much into use;. At 
Arlington Mills, in Lawrence, Massachusetts, and at tlu' woobcombing 
establishment of Le Solvent Beige (Societe Anonyme) in Verviers, Belgium, 
the wool in its raw state is treated in an iron r(H*eptacle with cold 
petroleum benzine. This dissolves out the grease, and, aftc'r bcjing 
repeatedly used, is run off’ to bo distilled for the s(;paratioii of the benzine 
and the grease. The benzine remaining in th(‘ wool is driven (jut by a 
stream of warm carbon dioxide, and is also n'covered by condensation, 
the carbon dioxide being returned for re-use. 

At Fieldhead Mills, Bradford, a similar process, but in a dififerent form 
of apparatus, was for a time adopted by Messrs John Smith tl: Sons, Ltd. 
The plant was somewhat costly and its use was not free fi’om dangei' of 
explosion ; it has, in fact, been thrown out of use probably For these 
two reasons. The loss of the solvent was said to be about 1 gallon per 
100 lbs. of wool treated. 

Another solvent process, in which bisulphide of carbon was used, was 
employed for some time by Messrs Isaac Holden A Sons at their Alston 
Works, Bradford, but after two accidents was abandoned on account of 
the danger. 

A new app.iratus for degreasing wool, by means of which the potash 
can also be recovered, bids fair to revolutionise the wool-washing process. 
This is the degreasing plant of Smith’s Patent Vacuum Machine Co., Ltd., 
Dewsbury, which is shown in Figs. 17a and 17 b, 

The grease is first dissolved out of the wool by means of petroleum 
naphtha under diminished pressure, the naphtha being recovered by distilla- 
tion, and the potash is afterwards extracted in the same machine by means 
of water, the aqueous solution being concentrated and incinerated. The 
grease and potash having thus been extracted from the wool, the completion 
of the cleansing operation is quite easy, and yields only a small amount 
of refuse. 

The machine is very similar to one of the ordinary centrifugal driers 
found so commonly in woollen mills, but the central axis is set horizontally 
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I'lo. 17a.— Smith’s Patent Vacuum DegreaHiiig Machine. 
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instead of vertically. There is an inner perforated basket divided by radial 
partitions into four compartments, into which the raw wool is fed. ^^This is 
enclosed in an air-ti^ht casing, in which a vacuum can be prodiiced. The 
charge of wool having been introduced into the macdiino, a vacuum is produced 
by means of the vacuum pump shown in Fig. 17a. A sutticient amount of 
naphth?i is introduced from an overhead storage tank, and by suitable 
gearing the central basket is made to revolve slowly, first in out', direction 
and then in the other, dipping at each revolution into the naphtha at the 
bottom of the machine. The naphtha is thus made to permeate the wool 
thoroughly, and in a few minutes dissolves out the whole of the grease 
When this is accomplislu'd the naphtha is run off into a greasy spirit tank, 
lly a clover arrangement of the gearing a much more rapid motion (500-600 
revolutions per minute) is then given to the central basket, so that by 
centrifugal force most of the remainder of the na])htha is driven out of the 
wool, leaving behind an amount ecjual to some 5 per cent, of the weight 
of the charge of wool. Provision is made for driving off even this remain- 
ing naphtha by means of a current of warm air or other suitable gas, and 
recovering it by condensation. 

For tlu^ recovery of the potash a vacuum is again produced in the 
machine, a siiHicient amount of water is introduced, arid the operation is 
repeated as hefoi’c, yielding a strong solution of potash, which is let off 
into a potash li(iuor tank. After this extraction of the potash the wool is 
dried by the centrifugal motion, and, if necessary, by the introduction of a 
current of warm air, and is then removed from the machine. 

In the degreasing part of tlu; process the naphtha, which is drawn from 
the apparatus by the va(;uura pump, is passed througfi a cooler and vapour 
absorber, where most of it condenses, and is returned for re-use. The 
greasy spirit is drawn by the vacuum pump into a still, where the naphtha 
is evaporated under diminished pressure, to be also caught by a condenser 
and returned for re-use, while the grease remaining after the evaporation is 
run off into suitable storage tanks. 

Since no water is used in the degreasing process, and the water used 
in the potash recovery must be wholly evaporated, there) is no liquid 
refuse, except the distillate from the evjiporation process, to be dealt 
with. By passing the wool through this apparatus it is freed from 
grease and from potash, and, incidentally, from sand and other impuri- 
ties which have been set free by the extraction of the grease and 
carried away by the naphtha and the water. To cleanse it completely, 
therefore, it is only necessary to rinse it in a small quantity of water, 
yielding a refuse of slight impurity compared to ordinary wool-washing 
suds, and easily purified or otherwise disposed of. 

The plant shown in Fig. 17 b is capable of dealing with 700 to 1500 lbs. 
of wool at each charge. ^ The loss of spirit amounts to about 5 per cent, of 
the weight of wool treated, and this loss can be further reduced by the 
warm air treatment. 
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On the other hand, the advantages claimed for the process are many, 
irrespective of the avoidance of the grossly polluting discharge from the 
ordinary wool- washing process. 

1. All the grease and all the potash are recovered. 

2 . The material is left in a better condition than when washed in 

the ordinary way, no alkalies having been used. 

3. Tlnu’e is no waste of wool hbre. 

4. The operation being conducted under diminislu'd pressui’e, the 

risk of explosion is reduced to a minimum. 

It has usually been objected to the use of a solvent foi' degreas- 
ing wool that too much gix'ase is extracted, leaving the wool in a dry, 
harsh condition, so that it “Hies” when passing through the carding 
machines. In this apparatus, however, by mixing greasy naphtha 
with the pure spirit us(*.d any desired per(!entag(‘ of grease (lan be 
left in the wool. 

Unlike the Smith- Leach ])rocess, this newer method is not only applic- 
able to the cleansing of greasy wools, ])ut can be used for others as well, 
although not then so profitably. It can also be used for removijig the 
grease from 3 'arns and pieces, or for diy-cleaning garments, for which 
purpose indeed it was originally invented. There seems no reason why it 
should not be slightly modified, and used for extracting the gi*ease from 
magma cake, (jotton waste, and bones. 

(Ireasy wools, aftei’ treatment by any solvent process, still contain 
many impurities, consisting larg<4y of valuable potash salts. Those 
can be all washed out by water without the use of soap, and from 
this water the potash salts can be easily recovered as described on the 
preceding page. 

It may be concluded from t4ie above that, if the ordinary method of 
cleansing wool is adhered to, the resulting suds cun be pui’itied partly by 
chemical and partly by biological methods so as to prodinu' an effluent lit 
to be discdiarged to a stream, while the nicovered grease and ])otash will 
go far towards paying for the cost inc.urred. Un the other hand, methods 
of cleansing wool are available from which there iieid be very little dis- 
charge of li(]uid refuse, and that little of a nature which renders it easy 
to purify. 

Silk Boiling. — Raw silk, as it is n;coived by the manufacturer, is 
yellowish-gre}^ or dull whit(‘ in colour and rough to the touch, very 
different to the smooth and lustrous manufactured article. This is duo 
in great part to the sericine or silk gum with which th (5 fibres are coated 
as they leave the silkworm. Much of the silk reaches this country in 
hanks which have been reeled from the cocoons, but there is also a large 
amount in the form of compressed bales of waste silk, and of cocoons, more 
or less damaged in the reeling and still for the ii^ost jiart containing the 
dead silkworm. These cocoons are carded and spun very much in the 
same way as wool, and to facilitate these operations the sericine and other 
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impurities must be removed from the filing When the silk is to bo dyed 
the serieiiie must be partially or wholly removed from it whether it is in 
hanks oi- in eoeoons. 

The troiitiiumt adopted for removing these im})urilies is to boil tlie 
silk in a soap solution, ^riiis process is repeated once or twice with fresh 
soap solutions, aiul finally the material is boiled in a weaker solution, 
rinsed in tepid water, rendered slightly alkaline l>y the addition of sodium 
carbonate, in order to prevent the precipitation of lime soap on the fibre, 
and washed off in cold water. (I snail y the soapy water whicli comes from 
these final process(^s is used to mak(‘ up the first tub. 

'file whole of the refuse disc.hargeil from a. silk mill is therefore from 
the silk boiling, and a very foul li(]uid it is, even more [)olluting tliaii wool- 
washing suds. It is a thick, brown, soa])y lupiid, often almost of a jelly- 
like consistence, and shaking produces in it a mark(‘d satiny appearance. 
It cont.ains the soap which has been \ised in boiling, the sericine and 
colouring niatter whicb have* been extracted from the raw silk, and, where 
the cocoons hav(‘ been boiled, nniny of the chrysalides and much organic 
matter wliicli has Ihh'u boiled out of them. It has a peculiar offensive 
odour even when fr(\sh, and soon becomes putrid, when it has tlie very 
otlensive smell of rotten pig manure. 

In boiling silk wast(‘ about 220 gallons of water and 25 to .‘15 lbs. of soap 
are used for cvt'rv 100 lbs. of silk, and occasionally a little soda is also used, 
and those, with the substances extracted from the silk, produce a liipiid 
which is vastly mori' ])olluting than any ordinary doin(‘8tic sew'age (see 
Table XXXVl.y 

The treatment of a liipiid of this kind is (piit»» a simple matter, 
although not inexjieiisive. By the use of a precipitant such as alumino- 
ferric or ferric chloride, and by setthanent of th(^ precipitated solids in 
tanks, a tank effluent cun be obtained jiractically free from soa}) and sericine, 
and in a (jondition siutable for purification on lamd, or on a biological 
filter such as is des(;ribed in (diapter XI. (p. 269). 

In Table XXXVI. are set out tlie results of treatment by jireciiiitation 
in settling tanks, followed by passing th(^ tank effluent through simple 
straining filters. In this method of treatment a considerable difficulty 
aris(5S in dealing with the sludge produced ; the sericine, like the wool fat 
in wool suds, forms an emulsion with the water, and the sludge is somewhat 
difficult to dry. If acidified and pressed with the aid of heat, it docs not 
yield up its grease readily, so that it is doubtful whether it would be an 
economical process to attempt the extraction of the grease. By running 
the sludg(‘, however, on to an ade(]uate area of such sludge filters as are 
described on p. 26 1, it can be sufficiently dried to be easily removed by 
spade and carted away. The dried sludge mixed with farmyard manure 
is very useful for agricultural purposes. 

As the refuse is highly^concentratcd by the re*use of the weaker waters 
in the manner described, the amount of precipitant necessary is con- 
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siderablo. Tn some experiments it was found that from 300 to 500 
parts of alumino-ferric or ferric sulphate were necessary to precipitate 
100,000 parts of the refuse, and that after separation of tlie resulting 
sludge the li(piid had an oxygen-ahsorlMul figure c(pial to 40 per cent, 
of that in the original liijuid. On applying the precipi tilted and settled 
liipiid to^i small percolating filter, such as has been described 011 p. 117, at 
the rate of gallons per cube yard per day, during eight hours each day, 
a furtlier purification of 80 per cent., judged on the oxygen-absorbed 
figure of the litpiid applied to the filter, could be effected, making a total 
purification of 92 per cent. 

Mr U. W. Oddy, F.I.O., (d llochdale, has treated this class of refuse by 
passing chlorine through it. This partially oxidised the refuse, with the 
formation of hydrochloric acid, which combined with the soda of the soap 
present and si'parated the fats. These were liltered off and boiled up with 
soda or potash into soaji for re-use in tlie mill. The liquid, after the 
separation of the fats, was further purified by filtration. 

Tliis refuse is not in all cases to be regarded as a waste material, for 
in a silk mill to which a dyehouse is attached it is generally used up by 
adding it to th(' dye baths with the object of causing the colours to dye 
level. In one case in the West Hiding of Yorkshire, where silks arc dyed 
and silk-boiling refuse is used in this maimer, the sludge recovered from 
the dyewaters is ])ressed in a sludge filter press by the aid of heat 
(see p. 116), and the grease thus recovered is made into soap wdiich is used 
on the premises. 


For Bibliographi/ ^ee end of Chapter IX} 
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THE TEXTILE TI!.ADE8— 

Uyeinj^' - Cli:ULLf<‘^l mctluKls ilnriii” fifty yoars— Kxaiiijilfs of puntication works— 
Soltliiitf — Wane’s apparatus — Mackey’s apparatus— licll’s ])atout filters 

— WaLsou’s plant — Aiclilmlt-Decley system — Indigo dyeing — Sulphide black 
dyeing— Suinmar> I’nnting— Suffoning and loading —(larhoiiising and stripping 
— Mei'eerising. 

Dyeing. Tliis jirocess, altliouoli upplicd to almost all kinds of textile 
materials in eveiy stage of their manufaetnre, yields refnst' whiidi does not 
vary greatly with the iiatnre of the mateiial, and wliieh is tlierefore in all 
eases amenahle to similar methods of jmritieation. The methods of dyeing 
ill nsi' are almost innumerable and are eonstuntly (dmnging ; they have, in 
fact, heim revolutionised since they were reported n])on by tlu* Itoyal (k)in- 
missiuiis of ISho and 1808 (see 1805 Commission, Tliird Report, p. 22; 
1808 (Annmission, Third Re])ort, ]>. 18). 

At that time the dyeing materials ehielly in use were dift’erent kinds of 
woods, which were for the most part extracted in the dye baths themselves. 
As monhuits fot fixing these dyi's, ferrous sulphate, almn, argol, and 
bichromate of potasli were genm-ally used, and w'ere addl'd to the dye 
liquor in the vat, when' they precipitated the colouring matter within the 
fibres of the material being dyed. This process w^as an ('xtremely wasteful 
one, for much of tne colouring matter was prceijiitated in the liijuid 
contents of the vat, where it had little effect upon the fibre, and w^as 
afterwards discharged as refuse. It also gave rise to gross abuse of the 
streams, for both Commissions repeatedly referred to the large quantities 
of spent woods disehargeil to the streams and to the pollution of the 
water and olisti’uction of tlie flow thus caused. The effect produeid on 
the rivers, of the AVest Riding of Yorkshire they summed iqi by stating 
that with viu’y few exceptions these streams ran with a liipiid which hiul 
more the appoaranire of ink than of water. The 1865 Commission, in their 
Third Report (p. 24), stated that very few attempts hatl been made to 
cleanse dyewater. 

At the present day the use of woods as a source of colouring matter 
is rapidly decreasing. AVhere tliey are still used tlie colouring matter is 
usually extracted from them by a special manufacturer, wdio sells the extract 
to the dyer, and who can easily provide himself with facilities for burning 
or otherwise getting rid of the s})ent woods. In many cases these are dried 
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in a centrifugal niachino, mixed with fuel, and burnt in the boiler furnaces. 
Hut for the most part modern colouring matters consist of dori\<iLfves of 
coal tar, obtained by proct'sses based upon the discovei'ic's of Peikin m the 
middl(‘ of last ceiituiy. These dyes are extrenu'ly soluble and highly con- 
centrated, so that the dyer u<uv buys them by the pound, whereas he formerly 
bought dyewoods by the ton. They are, moreover, free* from impurities, so 
that when a. dye vat is partially exhausted of colouring matter it need not be 
discharged, but can be mad(' up afresh by the addition of further (quantities 
of dye. Improved machinery has also greatly lessened the ])ollutiug dis- 
charges and the waste of c()louring matter. In such machiiu's as those of 
Ob(‘rmai(‘r and Divze the contents of the dye vat are circulated leq^eatedly 
thi'oiigh the matei’ials being dyed, until nearly the whole of tlu^ colouring 
matter is (;xhaust(*d, and tlu' voluim* of dye Ihpior used in these machines 
may only amount to onc-teuth of that r(‘(piired in an ordinary dye vat. 
The exhaustion of the colouring mattcT is also sometimes achieved by 
extracting it with a, new batch of goods, which is afterwards tinished oil’ in 
a freshly made up vat. " 

Notwithstanding all these improvements the dischargtxs from (*vcry 
dyehouse are still at tiines of a polluting character. When it is m'ciissary 
to change to [mother colour u fresh vjit must be pre-piin'd, and tlu' contents 
of tb (,t in us(' are usually discharged ; mordjuiting imiterials [ire also still 
used, [ind the vats in which they are contained are let (jib from time to 
time ; the old qn'oeess of dyeing with wood or extracts with the aid of 
iin iron mordant is still emqdoyed, (^sqiecially for cotton goods .and in “burl 
dyeing” or the coloui'ing of vegetable fibres in woollen goods ; the coolings 
and rinsings of the goods as they ;ire withdniwn fr(?m the vats often 
contain consideriible [imounts of suspended matter ; whih* in all dyehouses 
soiMC (qu.antity of soapy li(pud or of soaqi bark or fuller’s e.arth is used at 
tilings for cleansing qmrposes ; the various dye li<piors, moreover, are often 
higidy coloured and strongly acid, and practicallv^ al W[iys contain some 
fibi'cs which hiive been WJished off* the goinls. It will thus be seen that 
even in the cjise of the most modern dyehouses polluting discharges have 
to be dealt with, whilst there are still a considerable number of dyehouses, 
especially the sm.aller, where the old and more polluting q)rocesses of 
dyeing arc still in use. 

It Nvould be difhcult, juid for the q)rcsent q)urpose it is unnecessary, 
to exqjlain in detail the various processes employed in a dyehouse. To 
describe the. process generally, it may bo said that the goods, which must 
j)revioiisly have been cleansed, and especially freed from all greasy matter, 
are sojiked or boiled in the dye vats, and often either before or after this 
are passed through ji solution of mordant to fix the colouring matter. 
They are then usually thoroughly washed with large volumes of clean 
water to cool them after boiling, and to remove the excess of dye. In 
some cases this final cleansing is assisted by the use of soap, soap bark, or 
fuller’s earth. 
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Although the refuse vjiries considerably in various places, it is always, 
as has' been said, anieiiable. to the same kind of treatment, that usually 
adopted taking tin; foi’in of s(;reening and settlement, with or without 
chemical precipitation, I'oIIowcmI by filtration. 

In many dy(‘hoiises, and espc'cially in those* dealing with heavy woollen 
goods, lai'ge amounts of loo.se fibre (‘.scap(‘ in tin; waste dyewaters, gnd it is 
important that belbie any attem])t is made at further i)uriKeation these 
should be thoroughly remov<‘d by screening apparatins, sue.h a-s is (h'-scribed 
on p. ’JilO. The.s(' fibres have a ccmsiderabli* market value, which in very 
many (;a.ses anqily repays tin* cost of any screening a])piiratus. If they 
are not rc'inoved they add greatly to tin* amount of sludge which may be 
deposit(‘d in any settling tanks and in other ways increasis the difficulties 
of purification, for (‘xamtde, by forming a felti'd coating on the surface of 
tin* filters. 

Th(' means adopt'd for the furtlier treatment of wast(‘ dy(‘ li(juids vary 
greatly in the methods of adding ju'ecipitant, tlu* kiial of sc'ttling tank 
employed, and in tlu* form of filter used, and thesi; variations can Ix'st be 
illustrated by d(*scribing a few works actually in use, and setting out the 
analyst's of the various kinds of refuse and of the ('ffiuents ])roduc('d. 

Ordinort/ Selfhwf Tanh '&. — As an example of tlu' simplest form of 
settling taidvs a[)t)lied to th(‘ treatment of dyewaters those shown in Fig. 
18 may lu' taken. They consi.st of a series of seven settling tank.s, which 
w’ere originally follow'ed by tw'o cinder filters, but, as it was found in 
practice that the tank (‘flluent was little improved by passing through the 
filter.s, these were; converted into two additi(Aial settling tanks, thus giving 
a total cat)atdty of*r)G,000 gallons. The I’efusi' hen* de*alt w ith amounts to 
10,000 gallons per day and comes from the dyeing and finishing of cotton 
cords, and usually contains suspended matters in amounts \arying from 
10 to *J0 parts per 100,000. After simple setthiiuent in the tanks, the 
suspended matters arc* so effectually removed that tin* efliuents have never 
been found to contidn more than 3 parts pc*r 100,000. At somewhat 
varying intervals the tanks are run oft to the sludge filter, where the 
water percolates away and the sludge is left to dry. Fiight tons of air- 
dried sludge are removiKl from the works p(*r annuni. 

The total cost of these works was £400, and the only working costs 
are those entailed by the cleansing of the tanks and the removal of the 
sludge, which together amount to £0 per annum. 

Waitih Since the need of an apparatus for the treatment 

of trade effluents on a limited site has made itself felt, nut only have new 
forms of apparatus been devised, but various methods originally intended 
for the purification or softening of water have been brought into use. 
Such an apparatus, patented (No. 11,3G6, 1901) by Thomas Waite, 
3 Hillside Itoad Works, Bradford, has been found very useful in purify- 
ing dyewaters in cases where the available site for purification works is 
limited in area. The following description, presented as a report to the 
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West Hiding Rivers Board in 1908, gives full details of a pltiut r^f this 
kind erected at Wensleydalo Mills, lisitley, in 1904. The plant is no 
longer in operatioii there, where aiiotlxT class of track; is now carried on, 
but it has been purchased by another nianufactnrer and removed to his 
premises for the purification of the refuse from his dyeliouse, the effluent 
being re-usccl as it was at Weuslcydale Mills. Since the date of 'this 
report Mr Waite has (‘rccted several works of the same kind with equally 
successful results. 

The accompanying diagram (Fig. 19) shows the principle; of the working 
of the apparatus, altliougli it does not represent tlie works actiuilly erected 
at Wensleydale Mills. The apj)aratus as there shown consists of three 
vertical iron towers. The watc'r to be purified is pum})cd up to the top 
of the towers on to a small water-wheel B, which drives a very simple 
apparatus (1, for adding cluunical prcci])itants in prop(;r cpiantity, a 
stirring apparatus in the top of the first tower for mixing the chemicals 
with the' water, and gearing IIK for automatically discharging sludge 
from the towc'rs. Tdie watc'r after the addition of the precipitants passes 
down the first tower and out by a side opening one or two feet from the 
bottom into the* second tower near the bottom ; in this tower it rises to 
the top, depositing suspended solids as it rises, and passing through a 
filter of wood shavings at the top of the tower. The water is allowed to 
overflow from the to]) of the second tower down a ])ipe which delivers it 
into the third tower nciir the bottom, from which ])oint it rises through 
the third tower and again is» filtered through a layer of wood shavings. 
The overflow from tin; top of tlie third tower is co 4 iv(;yed away by a 
channel to a storage cistern from wliich it is delivered for \ise. 

So far then the j)roccss is one of the pi*ecipitation of the impurities 
by chemicals and thedr separation from the licpiid during an u|)ward flow, 
a separation which is assisted to some extent by ^the filtration through 
wood shavings. The advantages of such a form of apparatus are that, 
including the height of the three towers, a great d('])th of settling tank 
is provid(;d, and during the progress of tlie water thiough the second and 
third towers the rate of flow is very greatly reduced, and these two 
features give the suspc'iided solids ample op])ortunity of subsiding. 

The other s])ecial features of the apparatus are the method of adding 
the precipitant and the method of getting rid of the sludge separated 
from the water. Sufficient ])recipitant in solution is added daily in tanks, 
D, E, F, at the top of the towers, to deal with the day’s flow of water, 
and the tanks are three in number, so that three different ])recipitants in 
different proportions can bo added. In the first tank milk of lime is 
placed, in the second alumino-ferric, and in the third carbonate of soda. 
The water-wheel B drives three subsidiary wheels (1, (1, (1, which revolve 
in the tanks of prccipitanf. On the rims of these wheels little buckets 
are fixed, which as the wheels revolve dmw up a certain quantity of the 
precipitant from each tank and empty it into a channel which carries it 
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into tl^e pipe conveying the water to the top of the first tower. Provision 
is made for adding tin; lime and mixing it with the water before tlie other 
precipitaiits ai'c added. Tlio speed at which these bucket-carrying wheels 
revolve depimds upon the rate at \\hich the water is pumped, and thus 
the (juautitv of precipitant added vari(‘s directly with the (juantity of 
water pass('d through the apparatus. 

Tlie apparatus for discharging the sludge is e(iually automatic. At 
th(' bottom of each tower at K there is a valve governed by a long rod 
whicli is connected l)y gearing with the water-wheel at the toj) of the 
tower. By a simple contrivance these valves can be, set to open at fixed 
intervals of a (|uart(‘r of an hour, an hour, or longer, as may be required, 
the rat(‘ of opening ])eing again dependent upon the ra'|)idity with which 
the watm* is being passed through the plant. ^J'hi' valves when opc'iied 
only discliarge a f(‘w gallons of liquid sludge and then are automatically 
closed. The sludge is received on sludge filters, the water draining from 
which is run l)ack into the ])unq) well and again passed through the 
ap})aratus. The sludge from which the water has drained, when 
sufficiently dry, is removed by spading from the surface of the filters. 

The apparatus is thus as n(‘arly automatic as possible. I'lie small 
tanks containing the pnaiipitant are filled up daily, the pum})s set at 
work, and as long as the gearing is in good condition the apparatus needs 
no further attention, beyond the periodical cleansing of the sludge filters. 

The a})j)aratus erecTed at Wcmsleydale Mills is almost exa(;tly on 
these lines (see fifigs. llO and 21). It was intended to deal with ,“1000 
gallons c)f refuse per hour, but has Inam at times dealing with about 
50,000 gallons per day of ten hours. The average amount dealt vdth 
may be taken as about .‘10,000 gallons a day. The refuse runs into a 
sump well 23 feet by 13 feet liy 15 feet deep, or 2H,000 gallons in capacity. 
From this the refuse is pumped a height of 45 feet to the w^ater-wheel at 
the top of the plant, from which it passes down the first or mixing tower, 
where it has the chemicals added to it. This tower is 30 feet in height 
and has a diameter of 3 feet and a capacity of some 1300 gallons. The 
liquid as it escapes from the bottom of the mixing tower is passed into 
the largest’ settling tower near the bottom. This tower is 30 feet in 
height and 8 feet in diameter, with a capacity of some 0400 gallons. 
The liquid rises through this tower and, overflowing at the to]), is conducted 
by^pipes into the bottoms of the remaining two towers, whitb are each 
7 feet in diameter, 30 feet in height, and 7200 gallons in capacity. At 
the top of these final towers there is a layer of wood shavings through 
which the liquid is strained and the final eflluent escai)es. The total 
capacity of the four towers therefore is 25,000 gallons, and the rate of 
upwardtflow in the second or largest tower when 3000 gallons ^per hour 
are passing is about 2 inches per minute, while in the final towers it is 
about 1 J inches per minute. 

The sludge filters provided are six in number, each 9 feet by 8 feet. 
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Fig. 21. — Waite’s Apparatus. 
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They are composed of })rokou stone with furnace clinker on the surface, 
and arc 15 inches in depth. They are protected from rain hy a light 
roof. The effluent from the underdrains is received into the sump and 
circulates again with the refuse waters for treatment. The sludge is 
automatically discharged from the towers as described above, from the 
first tower at intervals of some three and a half minutes, and from the 
final towers every ten minutes. Tlie (juantity at each discharge is about 
1 or 2 gallons, and the sludge contains a very great deal of moisture. 
(See analyses in Table XXXVIII.). Each sludge filter is used for about 
three days, when it contains some 12 inches of sludge. It takes usually 
about seven days, depending on the weather, for this sludge to dry 
sufficiently to be removed by spade, when it is tlirown out on the ground 
alongside, allowed to dry there still further, and finally carted away to 
the cinder tip. The amount thus carted away is approximately 10 tons 
in a month. 

The total area occupied by the plant is 165 scjuaro yards, including 
57 scjuare yards taken uj) b}’^ the filters. The refuse dealt \\ith is from 
the scjouring and dyeing of pieces. The thicker scouring refuse is not 
treated here but in a separate plant, and some of the washing-otfi waters 
after scouring arc stored in the wash-house and re-used, so that only the 
final washing-off waters are received here. The dyeing ])rocesses in use 
arc chiefly the dyeing of rags and pieces with ordinary acid dyes and 
direct cotton (colours (diamine, etc.), and burl dyeing with extract of 
myrobalans and an iron salt. The (piantity of refuse (h^alt with daily 
varies very greatly according to the trade being done. Tlie maximum is 
stated to be about f)0,000 gallons a day. 

Samples were taken over considerable periods on three different days, 
so as to obtain an average of the refuse waters tn^ated, and of the final 
effluent, and other samples of the final effluent and of the sludge, etc., 
have been taken at various times. Analyses of these are given in 
Tables XXXVll. and XXXVIII. Tests were made with colouring matter 
to ascertain the time taken in the passage of the refuse through the 
apparatus. Fluorescein was poured into the top of the mixing tower and 
after an hour and twenty minutes was found in the effluent. It was still, 
however, present in the effluent after the apparatus had been continuously 
working for ten hours. 

At first the precipitants added were lime, alumino-ferric, and soda, but 
latterly only the two former, 80 lbs. of lime and 56 lbs, of alumino-ferric 
being the maximum amounts used per day. Taking the prices of these 
materials at £1, 2s. Gd. and £2, 17s. 6d. per ton respoedively, and the 
amount of refuse treated at 50,000 gallons, the cost of these chemicals 
amounts to just over Jd. per 1000 gallons. 

The only labour necessary to keep the plait working is attention to 
the pumping, the daily addition of the chemicals to the small tanks at 
the top of the main tower, and the removal of the sludge from the sludge 
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SAMPLES TAKEN AT AVENSLEYDALE MILLS (SVAITE’S APPARATUS). 

(Results expressed in parts per 100,000.) 
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filters to the tip. Tins latter work occupies a man with a horse and cart 
for six hours a month, The rest of the labour is estimated to take up 
less tliaii hair of one man’s tiiiu). 

Tlie clllnent from this a])])aratus has been constantly re-used in the 
mill for trade purpose's. It is discharged into a large iron tank, where 
water from a well is mixed with it in the proportion of 1 tf> 4. From this 
tank water is drawn for us(' in the dyelionse, and the surplus *is used for 
condensing and for jluslung water-closets. 

The company state that since the erection of Waite’s apparatus the 
re-use of the ellliient has been a material advantage. During the year 


Table XXXVJTl. 

SLUD(}ES TAKEN AT WENSLEYDALE MILLS (WAITE’S APPARATUS). 
{Iiryiilts rTpreftHrd in parts prr cent.) 
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* The figures are calculated IVoiii an analysis of the moist sludge. 


ended 30th .lune 1008, 1,400,000 gallons of the effluent have been used 
in the dychouse, instead of which town’s water at a cost of Gd. per 
1000 gallons, or £35, would have been necessary, and tbe dyer finds it 
excellent for his purposes. For condensing purposes also it was formerly 
necessary in times of drought to augment the suj)ply from the stream with 
town’s water, and at least 400,000 gallons of the effluent have been used for 
this purpose, resulting in an annual saving of £10. Resides the monetary 
gain, it has been found that having the supply from Waite’s apparatus 
available has prevented the stoppage of the mill for short periods when 
the water of the stream has failed in times of drought. Four water- 
closets formerly flushed with water from the town’s mains are now, more- 
over, flushed with the effluent from Waite’s apparatus, and this also means 
a considerable reduction of the water bill. 
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The cost of the plant is given by the company as 

follows : 



Capital cost of plant : 

Sump well . 

£6S 

10 

0 

Waite’s apparatus 

5:10 

0 

0 

• Sludge (liters and roof .... 

88 

0 

0 

Punip and steam pipes .... 

62 

0 

0 

’I’otal . 

£74S 

10 

0 

We(‘kly cost of treatment ; 

One man 3 days })er week at 25s. 

£0 

12 

6 

Chemicals at .\d. ])er lOOO gallons (1 SO, 000 

gallons ])er week) .... 

0 

7 

6 

Man and horse and cart, ll> hours per week 

0 

1 

6 

Steam, say 

0 

5 

0 


{Th(' s:iys tliis is over-estiiniited.) 


£16 6 

lli'pairs and Uciiewals : In the four years the plant has been runninijj these 
have amounted to .£2(), ehiefly due to repairs of the enj^ine and 
pump, the latt(‘r of which was affected by the acid dyewaters 

Allowing 10 per cent for interest and depreciation on the initial cost 
of the plant, the total cost of treatment, exclusive of the cost of the site, 
amounts in this case to id. per 1000 gallons. 

This and the following method of purification an' to be recommended 
more especially in the case of a smaller dyehouse, wliere the employment 
of a special manager of the purification works would be too great an 
expense. Idie attention re(]uired is inconsiderable, as it is only necessary 
to see that the pnmj)s are in proper order, that tlie supply of precipitants 
is kept up, and tlnit tlie sludge is removed with regularity. 

Machey'a Apixmtfus,- -Another form of plant for the purification of 
dyewaters (see Fig. 22) has been erected for Messrs Brigg it Sons, Dock 
Ing Mill, Batley, by AV. McD. Mackey, F.I.C., who has taken out patents 
(Nos. 11,410, 1905, and 1227, 1911) for the apparatus. It somewhat 
resembles Waite’s plant, but is (juite distinct in its principle. 

The dyewaters dealt with at Dock lug Mill are from the dyeing of 
pieces, the dyestutls used being chiefly anilines, acid and neutral, with 
gro\ind niyrobalans and an iron salt for the cotton or burl dyeing Bi- 
chromate of potash and sulphuric acid, and sometimes a patent bleaching 
agent, “hyralditc,” are also used to discharge colours from some of the 
goods. Town’s water is used in the vjirious processes, and the total 
discliarge of refuse is estimated at 30,000 gallons a day on an average. 

The refuse is received in a sump on the dyehouse drain, about 20 feet 
by feet by 3 feet, or some 1300 gallons capacity. This is smaller 
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than it ^nght to ])c to cope properly with sudden discharges of several 
cisterns in tiie dychons(‘ at onc(‘, but the space available is very limited. 
From the sumj) the refuse is lifted by a ram pump, capable of lifting 
6000 gallons an hour, to an elevat(‘d mixing or averaging tank of wood, 
which has a capacity of 10,500 gallons, and is raised yn brick piers 20 feet 
in height. The total lift is over 30 feet. ' 

In a small wooden tank fixed at the head of the averaging tank lime is 
placed, and into this a proportion of the trade licpiids is directed, and the 
contents arc k(‘pt constantly agitated by paddles which are kept in motion 
by means of a small waUir-wheel driven by the bulk of the refuse. The 
quantity of lime rccpiired to precipitate tlic solids varies very considerably 
from day to dny, for the refuse winters are sometimes strongly acid, and 
at oth(‘r times neutrnl or even alkaline, but usually about 35 parts per 
100,000 are necessary. The bulk of the refuse is dedivered into the tank 
underneath the water level, being first joined by that portion which has 
been passed through the liming chamber. The contents of the tank are 
drawn olf from tlu' bottom at the (uid farthest from the inlet, and no 
iittempt is made to retain the suspended solids, the purpose being to obtain 
a thorough mixture of the various kinds of refuse with one another, and 
with the lime which has been added. 

The effluent from the mixing tank is conveyed by a 4-inch pipe to 
the lowest ])oint of a sloping cylindrical tank, which is set underneath at 
an angle of 12“ from tlu*. ground level. Vrovision is made for keeping 
the pressuiT on the lujuid in the lower tanl^ at a constant head. This 
tank is 2S f('et in Iciijjth and 7| feet in diameter and has a capacity of 
7700 gallons. The outlet is at the highest point, which is somewhat 
lower than the bottom of the mixing tank, so that the lower tank is kept 
continually full of tlu- li({uid, which is, while the apparatus is at work, 
constantly entering at the bottom, rising gradually, and escaping at the 
top. The idea of the patentee is that the rising liquid leaves behind it any 
suspended solids, which accumulate in the lower part of the tank, so as to 
form an obstacle in which further suspended solids in the incoming liquid 
arc entangled and thus aided to deposit. The inlet })ipe to the sloping 
tank is moreover directed upwards, and thus gives an eddying motion to 
the licpiid, w hich probably aids materially in the deposition of solids. The 
sludge w'hich accumulates in the lower part of the tank is let off from time 
to time by a sludge oiitlet, but care is taken to retain a certain amount to 
aid in the process as above described. 

Ttie tank effluent, tlius freed from the greater part of its suspended 
solids, is further purified by filtration through coke. It is carried from 
the top of the tank in a 4-inch pipe to the bottom of a cylindrical filter, a 
break being provided to prevent siphonic action. 4'he filter consists of a 
vertical cylinder, 6^ feet in diameter and 1 2 feet In height, and filled for 
9 feet of its length with pieces of coke of sizes ranging from ^-inch to 1|- 
irich cubes. The bottom li feet of the cylinder contains no coke, and 
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into thls*the tank eftluent is passed, and rises through the coke to escape 
from its upper surface into a compartment l.J feet in depth, from >Nhich 
it is discharged as the final effluent. This is ennveyed to the mill dam 
and used, mixed with slrcnm water, for condensing. Anv sludge which 
accumulates in the com])artment below the coke is drawn of!’ tliroiigh a 
sludge^ valve about once a day, and when this is oi)eni‘d the reversnl oi the 
flow of Ikprid through the coke helps to wash out any solids which have 
become entangled among the particles. 

The sludges from the tank and from the filter both c.ontain a large 
proportion of water and are discdiarged to one of threi' sludge filters, each 
8 feet by 12, formed of engine ashes 2 feet in depth :in<l well underdrained, 
with outlet to the stream. The sludge, which is let oil from the tank 
about once a week, even after lying on the sludge filters for a few days, 
still contains over 1)0 per cent, of water, and is sliovelhul out and allowed 
to lie on the ground to lose further moisture by evaporation. Of this air- 
dried sludge about 12 tons have been produced in four months’ working. 

The apparatus is specially designed to take u]) little space, and only 
occupies 1 20 sipiare yards. The cost of a complete? plant foi dealing with 
3000 gallons an hour ^Ir Mackey estimates at X3o0, and the proportionate 
cost of a larger plant would, of course, be somewhat less. The working 
cost is not very great. flViking the cost of the lime used as a pr(?cipitant 
in the proportion of 3o parts per 100,000, or 25 grains i)er gallon, with 
lime a.t XI, 2s. fid. a ton, the cost of tin* lime used is under .Id. per 
1000 gallons, or Is. id. per day. There are also the cost of i)umping, 
a little attention in adding the lime, and the reimA'al of the sludge to be 
provided for, but, excluding the last item, Mr Maclfey reckons that the 
plant requires about an hour a day of a man s time. 

This plant at Dock Ing Mill has been constructed to suit the site, and 
a better arrangement might be devised in other circumstances. Ihere 
seems to be no reason in ordinary cases for having the sump and the 
mixing tank separate, and the addition of the precipitant to tin? liquid 
before the latter is pumped would tend to produce a much better admixture. 
If this were done, the sloping tank could be placed over the collecting and 
mixing chamber, and thus room could be economised. In all cases, how- 
ever, a small overhead tank must be provided to feed the mam tank at a 

constant head. . 

The effluent from the sludge filters should be returned to the collecting 

chamber to be passed again tlirough the apparatus. In such case the 
sludi'e filters could be made shallower, for tho purity of tlic filter effluent 
would not matter, and thus tho sludge could be dried off much more 

'^“’tevoral series of samples have been taken and analyses made (see 
Tables XXXIX. and XL.), On one occasion some twenty pieces were dealt 
with in the dyehouse. In the case of six pieces the wool and cotton were 
dyed at the same time in a neutral hath, and in the case of the remaining 



Table XXXIX. 

SAMPLES TAKEN AT DOCK ING MILL. BATLEY (MACKEY S APPARATUS). 

{Rtsitffs expressed in 2>arts ^Kr 100,000.) 


TKADJi WASiB WilXJlilvrt. 



-- 

1 

<N 

c«* 

1.. Tj( 

eo 

s Temporary. 


••I* 

CO (N 

(N 

b 

<V 

1 





— 


1 

CO 


Oi o 

lA 

IVnnaiient. 

r-* 

<M 

OO 

■£> Oi 

CO lA 


£ D 

1 








— 

— 


V ■■ 

1 

>C5 

(JO 

ep 

Ip) 

ffi Total. 


-X' 

(Cl 

o *-• * 

00 

lA 




Cl 

Cl 



I 

— — - 


- - 


Acidity 
(as HoSb,) 

Alkalinity 


I- 

o 



rt( 

CO 


(as CaO). 



'I' 

Cl 

Oxygen absorlicd | 





N 

1 

OD 


CO '-O 

1 ^ 

tioni - permaii- , 
oO 1 

M 


yp 

»A m 

CO 

LWiato ill lour i 





hours at 267 

“C. 1 



_ 


1 Organic j 

0 

01 

CO 

05 to 

CO 


. (Kjddalil). : 

Cl 


b b 


1® : Albuminoid 

tA 

Cl 

to Cl 

O) 


t (Waiiklyn). 

b 

o 

b b 




. _ 


_ -- — 

— - 



o> 




Animoniacal. 

b 

t w 

b o 


. * 1 

... 

o> 

(W 

»o 'p' 

05 

.H- • ' 

O 

’“r. 

< 

<N 

(N 

i-i 

CO o> 

Cl ^ 

b 






- 

— 


r® .2 -M 

eS 1 

CO 

Total. 

i 

163-3 

1^ 

b 

CO 

(N 

^ Cl 

iti* 1^ 

CO Cl 

d Cl 

ao 

CO 

rH . 



CO 

(N 

iC 

v* 

CO o 

cp tp 

»_A 


{/3 

b 

in 

o 

b b 

b 

.5 g b 
m C *=» 


-- 

CO 

CO 

A 

3'm 

1 'o S 

1 W3 

Total 

va 

00 

-M 

lA 

Ol 

CO 

t>- 

Cl CO 

b 

1 


00 

CO 

?< 

(N 

CO 

rH CO 

o 

A 

o 

b 

^ a. 


o> 

(N 

CO 

d w 

JO 



' a> • 

1 15C 

eS ^ 
bi ■» 
v a> 

refuse | 
sloping , 
age of 

s) . , 

g'^S ■ So • 

.§ TJ 

Ph a> 

* 2 

IF' 

Sample o 


|i 

O) ^ 

^ o 

•g® 

Q 

•ecipitated 
entering 
tank (avei 
twp sample 

aiuent from 
tank (avei 
two sample 

ffluent from 
filter . 

inal effluen 
age of 

samples) 



£ 

(xa 

Eh 



THE TEXTILE TRADES. 


143 


fourteen the wool in the pieces was dyed in an acid bath, and the cotton 
dyed as a separate process, in eight pieces with extract of myroberans and 
iron liquor, and in six in an alkaline aniline cotton dye bath. The mixed 
dyowaters were therefore of an acid character, and lime to the extent of 
77 grains per gallon was used to precipitate. 

Oq another oc(;asion ten pieces were being dyed with direct aniline 
dyes and (Mauber salts, and two were subse([uently burl dyed ; and four 
pieces were being stripped with acid. The amount of refuse discharged 
that morning was from 10,000 to 15,000 gallons, and 28 grains of lime 
per gallon, approximately, were being added to tlu' dyewatcu-s 

The final etHuent has generally been practically fn’c from suspended 

Taule XL. 

SLUDOES TAKEN AT DOCK INC MILL, MTLEY (MACKEY’S AITAKATUS). 


.. 


u/(s r.i-pri 

sseil in 

parts jxr vent . ) 




Moist Sludgi 


Dry Solids. 

* 


Sam])lc* of 

Moislurr. 

< >rgaiiic 
ami 

Volatile 

Matter. 

Ash. 

Oigank j NitrogeiJ Fat aftei 

1 Ash. (Kiel- i Aeidifi- 

: Ben 

1 o| 

Sludge from tank . 

98-65 

0-48 

<X) 

0 

35-19 04-81 0-91 


18-80 

! Air-driod sludgf- 

' 91-26 


4-40 

1 1 

49-65 i 50-35 1 1*83 

4 

3-77 

... 1 

Air-dried sludge 

1 

1 81 25 

1 

4 -ye 

11-39 

i 

' 27-67 ! 72-33 i 1 -2'2 

1 

2-16 

26-00 


* The figures are calouluted from an analysis oj tlie moist sludge. 


solids, but still somewhat coloured, with a green or yellow shade. To test 
the time taken by the litptid to pass through the a})paratus colouring 
matter was poured into the averaging tank along with the trade refuse 
being treated. The colour was seen in the effluent from this tank in 
twenty minutes ; it appeared in the effluent from the sloping tank after 
another fifty minutes ; and in the filter effluent after another thirty 
minutes : taking, therefore, a hundred minutes to pass through the whole 
apparatus. 

Since this plant was constructed in 1908 Mr Mackey has erected a 
good many more on the sJiine lines, but in those ho has left out the coke 
strainer, as experience has shown that its effect is very slight. He has 
also adopted a much improved method of adding the precipitant, somewhat 
similar to that describod^n p. 133. Most of these new works deal with 
very much larger volumes of refuse, in one case, at Greetland Dyeworks, 
with 300,000 gallons per day, but the plant in such a case is simply a 
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reduplication of several units like that descrihed, except that there is 
only one mixing tank and one apparatus for adding precipitants. 

— Bcirs Patent Filter is another apparatus originally 
devised for the pm-ification of water. It has hceii brought into use for 
the treatment of dyewaters, and erected hy Messrs Bell Pros., Calder 
Ironworks, lhiv('nsthorpe, for Messrs Fdward Kipley ik Son, Ltd. (tlranch 
of th(^ Biadford Dyers’ Association, Ltd.), at Bowling l)y(‘-worKs, Bradford 
(see Fig. '211). 

At tliese vorks the ju'oeesses wliich give rise to polluting licjuids are 
piec(' scouring and dyeing. Only pieces nrv dyed, and these are practi(;ally 
all woollen, or union goods in which tlie cotton warp has been previously 
dyed. Ni'arly all tlie dyes used are soluble acid colours. 

The thicker ])iec(‘-scouring suds are treated in a seak plant, the efiluent 
from which is discharged to the public sewer. The hnal washing and 
cooling waters from the <lyehouse are run into a storage tank, which also 
receives hard wcdl wabir and purified rc'fuse, and the contents of this tank 
are softened in a separate set of Bell’s Filters and pum))ed up to the general 
reservoir for use in the dyeworks. 

Th(‘ washing-oir waters after piece scouring and the rest of the dye- 
waters, amounting to 000,000 gallons per day, are run into a series of large 
dams, where some settlement takes ])lace. From these dams the refuse 
is pumped into a settling chamber, and through this into four of Bell’s 
Filtei’s. The effluent fi’oni these is taken into the storage tank above- 
mentioned, to be further purified for re-use, or is dischargcid either directly 
to the strt'am or to a large reservoir, from wliich it is drawn by various 
mills to be used nk condensing wat(‘r and returned again, but finally 
overflows to tlu' stream. 

The two sets of filters, for softening the cleaner water and for purifying 
the refuse, are identical in construction, and the only ilittereiice in working 
them is in tlu^ amount and nature of the chemicals used as precipitants. 

The dams into which the refuse is discharged from the dyeworks are 
three in number, and have a total capacity of about 2,018,000 gallons. 
As these dams are seldom, if ever, cleaned out, practically the only results 
of their use arc a mixture of the various discharges and some septic action, 
which must have the effect of somewhat altering the nature of the solids 
presiiiit. Owing to this septic action, and the fact that there is sulphuretted 
hydrogen in the well water used, almost all the samples taken, whether of 
crude or treated refuse, show the presence of sulphuretted hydrogen, and 
the gases escaping from the putrefying sludge in the dams can be set 
alight on the surface of the water. 

The refuse is drawn from the dams at the rate of 30,000 gallons per 
hour throughout twenty hours of the day, through a 12-inch suction pipe, 
itito which a solution of chemicals is pumped, ^he precipitants added are 
aluminium sulphate 4*46 parts per 100,000, lime 1-78 parts, and soda 0*67 . 
parts, and these are previously dissolved in special tanks fitted with 



Plan of Purification Works, Bowling Dyeworks, Bradford 
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agitators. They become thoroughly mixed with the refuse as it passes 
througli the pump. 

From the pumps the refuse passes into a closed cylindrical settling 
chamber of steel, 0 feet in diameter and 16 feet high, with a capacity of 
6500 gallons. The delivery pipe passes inside the settling chamber at a 
point about 3 feet from the bottom, and the outlet from the chaml\er is at 
the highest poiiit. The delivery pipe is branched, and the ‘branches are 
perforated on the underside, and have plates fixed over them, with the 



object of ensuring an even upward flow over the whole sectional area of 
the chamber. If this were attained the upward velocity would be about 
1 J feet per minute. 

The lower 3 feet of the chauiber serve to collect the sludge, and the 
bottom of the chamber is in the form of an inverted cone, ending in a 
sludge valve, and internally there is an arrangement of agitators worked 
by hand. The sludge which collects is discharged every six hours by 
opening the sludge valve and rotating the agitators for about five minutes, 
the pumping being meanwhile continued. This*would give an approximate 
discharge of 250Q gallons of liquid sludge. 

As will appear later, there is a resistance to the escape of the efiluent 
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from the settling chamber, with the result that the contents are coi 4 stantly 
under an average pressure of 15 lbs. This, the inventors claim, greatly 
increases the deposition of solid matters in the chamber. 

The elilueiit from the settling chamber is further purified by filtration 
through Bell’s Filters, of which there are four, so that each deals with 
7500 gallons per hour. Each filter is an enclosed cylindrical vessel of 
mild steel ab*out feet high and 8 feet in diameter, and thus the liquid 
is passing through with a velocity of 4| inches per minute, or at a rate of 
1340 gallons per square yard per hour. The filtering material consists of 
silver sand, nearly 3 feet in depth, on a perforated floor of peculiar con- 
struction. The whole area of the floor is composed of conical strainers 
shaped like the rose of a watering-can. Each rose is 6 inches in diameter 
on its perforated upp('r surfa(;e, is filled with ])ebblcs to prevent the escape 
of the sand, and communicates below with the general outlet of the 
filter (sec Fig. 25). 

In working the filter the effluent from the settling chamber is forced 
through the sand from above by the action of the pump, the pressure, like 
that in the settling chamber, averaging about 15 lbs., but getting greater 
as thc‘. filter gets clogged. 

The cleansing of the filters is brought about by agitation of the sand 
in a strong current of water. Bower-driven agitators on a central axis 
are provided in each fdter, and these are hollow and perforated so as 
to allow a strong current of water to bo passed through them into the 
midst of the filtering medium. They are also studded with conical 
projections so as to form rakes for stirring up the s^yid. Each filter is 
cUninsed for about five minutes every six hours by reversing the current 
of water and passing the filtered liquid upwards through the sand by the 
aid of the fidl force of the pump, or at the rate of 30,000 gallons per hour. 
This upward flow is discharged into the sand both through the roses in the 
floor of the filter and through the hollow arms of the agitiitors. These 
}»ro at the same time set in motion, so that the sand is thoroughly 
scrubbed in a powerful current of water and freed from adhering solid 
matters. This process is continued for about five minutes until the 
discharge becomes clean, and yields therefore from each filter about 2500 
gallons of very liquid sludge. 

The washing water from the cleansing of the filters and the sludge 
from the settling chamber are discharged to settling tanks, of which there 
are two, each 19 feet by 23 feet by feet deep, and one discharge from 
the settling chamber and each of the four filters was found to be sufficient 
to fill both the sludge tanks to a depth of 2| feet, which would amount 
to some 14,000 gallons. The whole operation of sludging the settling 
chamber and the four filters lasts from twenty minutes to half an hour 
every six hours, and dui4ng this time the purification process is at a 
standstill. After the sludge has settled in the tanks, which it does in 
a few hours, the top water is discharged by outlets 18 inches above the 
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bottom of the tanks into the outlet pipe for the purified refuse. It should 
be conveyed into tin* preliminary settling i)onds to be circulated again for 
treatment. The settled sludge accaimnlates to a de])tli of IJ feet in a 



Fig. ‘2o, -bell’s Pressure Filter. 

A -Valve-. 111 wassli arms, 
li - Rakes on wash amis, 
e— tlyilraulic hollow wash arms. 

D— Hydraulic hollow shafts. 

E -Perforated strainers. 

F— Inlet pipe for dirty water. 

0 - Wash-out pipe for cleaning. 

H— 'I'op pipe. 


Vicu of iiitcnnil aiTaugciiKMit. 

I— Vertical wash valve. 

K— Outlet for filtered water. 

L Steel niter shell. 

M - T<»p block on shell. 

N— Inlet valve for dirty water. 
O— Wash-ont valve. 

P— Revel wheels. 


fortnight or three weeks, and is then discluirged to two sludge lagoons, 
where further settlement takes place. The* supernatant water, which 
should also be conveyed back to the settling ponds, is run off to the stream, 
and some moisture evaporates, so that after a week or two the sludge has 
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dried sufficiently to be carted away. In a week this sludge amojints to 
ten cartloads. 

As has already been stated, the water-softening plant is an exact 
duplicate of that for the treatment of trade refuse, except that there is 
only one set of sludge lagoons for both. It is worked at the same rate, 
30,000‘gallons per liour, but owing to the salts in the well water and the 
greater (piaiflity of prccipitants used, the volume of sludge produced is 
two or throe times as large, only recpiiring one week to accumulate to a 
depth of L\ feet in the sludge tanks. The chemicals used are 20'8 parts 
of lime per 100,000 and 9-1 ])arts of soda. 

Two series of samples luive been taken from both sets of the api)aratus, 
and analyses are given in Tables Xld., XTilL, and XLTll. The whole of 
the samples retained a bluish colour, although it was very faint in the 
effluents from the watcr-softeming plant. 3die colour in the purified 
dye waters could no doubt b(; to a gr(‘at extent removed by the use of a 
larger (juantity of precipitants, as it is indeed in the effluent from the 
water-softening ])laut. The settling chamber for the dyewaters is evidently 
not larg(' enough to permit of tlu' settlement of the suspended solids, which 
are of a light fiocoulent natunx If the chamber were dujdicated so as to 
reduce the velocity of tlu^ li(piid by half, much better results would be 
obtained. 

The chief defect in the works seems, however, to be the want of 
regular ch'ansing of the preliminary settling dams. The sludge in these 
putrefies, and, rising to th(' surface, be(;onies broken up and drawn into 
the rpparatus by the ])umps, while the sulphuretted hydrogen set free 
interferes with the })ret!ipitation process and ap])ears as an im])urity in the 
final effluent. These dams should be sub-divided, so that any part could 
frequently be put out of use and thoroughly cleansed, and if this were 
done the rest of the apparatus would no doubt lx; capable of producing 
much better results and of dealing with a larger ipiantity of refuse. 

The cost of purifying the dyewaters in this instance is difficult to 
ascertain, but the patentees, Messrs Bell Bros., estimate that a plant to 
deal with 100,000 gallons in twelve hours would cost £1000. This would 
cover the pressure settling chamber, the filters, the tanks for precipitants 
with the accompanying pump, and the main pump for lifting the refuse. 
There would have to be added to this the cost of the storage tanks from 
which the dyewaters would be pumped, and the necessary sludge tanks. 
The labour re(]uircd for such a plant Messrs Bell Bros, estimate at two to 
three hours, and the chemicals at lOd. to Is. 8d. per day, but these figures 
appear to be rather under the mark. 

irafso 7 i’s Plimt. — At Livingstone Mill, Batley, the Co-operative 
Wholesale Society, Ltd., have constnicted works for the purification of 
their liquid trade refuse. • Designed by H. B. Watson, Ltd., the Avorks 
were brought into operation in September 1910, and have since been 
in constant operation with uniformly good results. The trade carried on 
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at this mill is the manufacture of twoed and worsted coatings and suitings, 
and the liquid refuse is from the processes of piece scouring and dyeing, 
but the first discharge from the scouring machines is conveyed for the 
recovery of grease to a separate set of purification works, leaving only the 
washing-otr water to be treated along with the dyewater in the works 


Table XLIIL 

SLUDGES TAKEN AT BOWLING DYEWORKS. 
( Results expressed in parts per cent . ) 



Moist Sludge. 

Dry Solids.* 

Samjile of 

Moistuie. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Nitrogen 
(Kjel- j 
dahl). 

1 

Sludge from refuse treatment : 






1 

Fi om settling chamber . 

9978 

0*05 

0*17 

21*69 

78*31 

1*177 

From inters .... 

99*65 

0*13 

0*22 

37*86 

62*14 

1*634 

From settling chamber . 

99*73 

0*07 

0*20 

26*83 

73*17 

1*866 

From filters .... 

99*66 

0*13 

0*21 

37*17 

62*83 

1*718 

Sludge from water softening ; 1 







From settling chambei . 

96*70 

0*17 

3*13 

5*23 

94*77 

0*107 

From inters . . 

i 99*37 

1 

0*05 

0*58 

8*56 

1 

91*44 

0*235 ' 

f rom settling chambei . 

99*76 

0*02 

0*22 

9*10 ^ 

90*90 

0*484 1 

From filters .... 

98*85 

! 0*07 

1 

1*08 

6*99 1 

94*01 

0*225 

Sludge from lagoons : 

1 

1 





As discharged from settling 



6*72 




tanks .... 

89*15 

4*13 

38*06 

61*94 

! 1*46 

After draining oil top water . 

72*14 

5*21 

22-65 

18*71 

81*29 

0*64 

Being carted away 

' 56*25 

2*76 

40*99 

6*31 

93*69 

0*25 


* The figm-es are calculated from an analysis of the moist sludge. 


described below. The dyestuffs used for dyeing are synthetic indigo 
(in the bisulphite process) and various other coal-tar dyes, and a little 
extract of myrobalans. In the processes, town’s water and well water 
(after being softened) are used in about equal quantities, and the volume 
of refuse liquids dealt with is about 7500 gallons per day, exclusive of the 
thicker piece-scouring refuse. * 

The crude liquids are first discharged to an underground receiving tank 
in the mill yard, which is 18J by 13J feet and 10 feet deep (15,600 
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gallons), and from this they are lifted by a centrifugal pum|b to the 
purification works. The comparatively large capacity of this tank serves 
the useful purpose of mixing the various waste waters thoroughly, and 
the pump draws from the bottom of the tank, so that there is no appreci- 
able settlement of solids. The pump is belt-driven from convenumt 
shaftiifg, and an apparatus is provided in the form of a float which rings 
a bell to warn the (mgineer when the receiving tank is full. Pumping 
is ke})t up for six or eight hours each day, so as to make the flow through 
the purification tanks as uniform as possible. 

Lime is used to neutralise and precipitate the refuse and is supplied 
in the form of milk of lime. The lime mixer is a circular tank similar to 
that shown in Fig. 5.‘h in whicli beaters or paddl(‘s, driv(ai from the same 
shafting as the pump, keei> the contents stirred. At the bottom a large 
outlet is provided throiigh which from time to time any solids which 
settle from the lime can be removed. The lime is placed in the tank, in 
bulk sufficient for a day's use, in a small cage in whi(.*h stones and undis- 
solved piec(;s of lime air retained, and water is run in from a. tap. The 
resulting milk of lime is j)assed into the rising main between the sump 
and the j)urification works, where it becomes thoroughly mixed wdth the 
refuse. 

As will’ be plainly seen from Figs. 26 and 27, the purification works arc 
compact and o<icupy little ground spa(;e (9 yards by 9 yards). The liquids 
are first received in a shallow compartment (having a capacity of 332 
gallons) ai)ove tlu^ tanks proper, and in this the lu'avier solids are 
deposited. Flowing ov(U’ a wide sill the liquids pass into the larger of 
two settling tanks, which is 16| feet by 13 feet and 7 feet deep, and holds 
9400 gallons. Flowing over the submerged wall between the tanks the 
refuse passes into the simdliir tank, which holds some 3400 gallons. In 
this tank there is a wooden partition extending to within a short distance 
of the bottom, and the refuse passes under tlie partition and rises at the 
other side to pass upwards through a straining filter of fine wood shavings 
before escaping by the effluent outlet. 

The floors of the tanks slope to the centre, and sludge valves are fixed 
to enable the precipitated sludge to be drawn oft' to the sludge filter, 
which is 25 feet by 9 feet, or 25 scjuare yards in area. The filtering 
medium is 18 irudies in depth, and consists of clinker riddled free from 
dust, the coarsest material being laid on the concrete floor, the finer above, 
and on the top a layer of very fine material about ^ inch thick. Some 
sludge is run oft’ from the tanks every day, being forced out by the head 
of water above it. In dry weather it takes three or four days to dry 
sufficiently to be removed from the filter by spade, and after further 
drying on the ground adjoining it is carted away to a tip. 

These works, as has be^i said, give good results while dealing witii the 
comparatively small volume of 7500 gallons per day. They were, however, 
designed to deal with twice this amount, and no doubt are quite capable 
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of doing*so, as the volume at present treated is all passed through in six 
or eight hours each day, the pump only being in action for that period. 
The advantage of having a large sump or receiving tank, equal in this 
case to three days’ How of refuse, has already bccui pointed out. The 
total capacity of the settling tanks too is comparatively large, being 
nearly e(pial to two days’ flow, and this allows time for the settlemfent of 
solids. It ijjeans, iTi fact, that the effluent on any one day has been chiefly 
produced from the refuse of the previous day, which, after settling all 
night, is displaced from the tanks by the fresh refuse entering. It is 
somewhat difficult to estimate the maximum amount of refuse with which 
a plant of this si/e could deal ettectively, ])ut if it were worked continuously 
at the rate at whicdi pumping now proceeds, then 24,000 gallons could be 
purified daily. The difficulty of dealing with liquid sludge such as is here 
produced is very fre(picntly under-estimated, and it would certainly be 
better in this case to have another sludge filter, so that one coidd be 
resting for cleansing purposes while the other is in use. 

The cost of such a plant is not great. From information given by the 
manager of the mill it appears to bo as follows : — 


Capital cost •— 

Tanks, filters, pump, pipes, and fittings . . . £425 

Sump 40 


Working cost per week — 

Total . 

t 

. £m 

s. d. 

Labour (1 bour per day) 


. 2 (1 

Lime 


. 2 0 

Sludge removal 


. 2 G 

• 

Total . 

. 7 0 


Analyses of samples of the crude refuse and of the effluent arc given 
in Table XLIV. 

Arvhhuti-Deeley System. — The Archbutt-Deelcy method of water 
softening has also been applied with great success to the purification 
of dyewaters. At the Cheapside Mills of Messrs J. T. and J. Taylor, 
Ltd., Woollen Manufacturers, Batlcy, a large plant, erected by Messrs 
Mather and Platt, Ltd., Salford, has been in successful operation for over 
four years, dealing with 400,000 gallons per day. The plant and its 
results were described in a paper read to the Health Congress at Leeds by 
W. Rushby, the firm’s chemist (sec The Medical Officer ^ 22nd July 1909, 
p. 117). 

The refuse, which is typical of the Heavy Woollen Trade, amounts to 
400,000 gallons per day, and consists of two 'portions, of which 30,000 
gallons is from scouring processes, taken after the grease has been extracted 
by treatment with a slight excess of acid ; the great bulk, however, is from 
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piece dyeing. The dyes used are chiefly acid and substantive jolours, 
together with tannin, ferric sulphate, and bichromate of soda, so that the 
refuse is always slightly acid, and contains tannin, ferric salts, chromium 
compounds, colouring matter, sodium salts, and organic matter from wool. 
Much is in suspeiisbn in the form of dark blue tannate of iron, spent 
myrobftlans, and wool fibre (flocks). The water used is derived largely 
from the stream, and is very hard ; a considerable proportion, however, is 
town’s water, which is very pure. 

The whole of the refuse has to be lifted 30 feet, and this is done by 
an 8-inch centrifugal pump, which has a capacity of 60,000 gallons per 
hour, and is made of a special gun metal to resist the action of acids. 


Table XLIV. 

8.\MPLKS TAKEN AT LIAINCISTONE MILL, BATLEY (WATSON’S PLANT). 
{liemlts expressed in parts per lOOfiOO,) 




Solids in 
Suspension 

Solids in 
Solution 

Nitrogen. 

Oxygen ab- 
sorbed from ^ 

1 

0 5^ 

Hardness (in terms 

Nature of 
Liquid. 

Total 

Solids. 

(dried at 
100^ 0.). 

(dried at 
100“ C.). 

> 

B 

B 

§ 

p a 

S'! 

@0 

permanganate 
in four hours 
at 26*7” 0. 

If 


of UaCOs). 



Total. 

Ash. 

ToUl. 

Ash. 

5‘ 

S 

52. 

P 3 

So 

Total. 

By 

P’iltrate. 

I 

fiP 

Total. 

Permt. 

Tempy. 

irude refuse . 

85-8 

21*4 

51 

64*4 

46*6 

1-42 

0-23 

0*76 

4*33 

2*53 

nil 

15*0 

8*1 

6*9 

Irude refuse , 

1 

162‘1 

44*1 

16*4 

118*0 

90*8 

0*77 

o*r>o 

1*26 

11*93 

6*53 

trace 

12*0 

4*4 

7'6 

Inal effluent . 

101*1 

2*8 

2 5 

98*3 

78*1 



.. 

1*49 


trace 

41*4 

11*8 

19*6 

'inal effluent . 

80*9 

0*0 

0*6 

80-3 

65*3 




2-00 


2*2 

25*4 

23*9 

1*6 

^inal effluent . 

103*7 

4*1 

1*8 

99*6 

78*0 

0*99 

0*04 

0*17 

0*82 

0*66 

30*2 

70*3 

33*5 

36*8 

Inal effluent . 

83*C 

3-0 

2*0 

80*6 

68*6 

0*62 


0*36 

1*68 

J*21 

6*16 

28-5 

1 

19*1 

9*4 


The pumped refuse passes through flock recovery apparatus like those 
shown in Figs. 41, 42, and 43, into large iron tanks, six in number, and 
each of about 25,000 gallons capacity, which are filled in turn. 

The only reagent used for precipitation is milk of lime. For 20,000 
gallons, the working capacity of each tank, 36 lbs. of quicklime are 
needed on the average, the cost of which at <£1 per ton is about 4d., or 
Jd. per 1000 gallons. The lime precipitates fatty matters, neutralises the 
acidity, and also produces by its action on the ferric salts in the refuse 
a hydrated iron oxide which greatly assists in the deposition of organic 
matter. 

The lime-milk is made in two small wooden tanks, each of about 200 
gallons capacity, with a perforated false bottom of iron ; it is carried into 
the channel conveying th$ refuse, into which it squirts through a per- 
forated pipe. This method of adding the lime saves time, and, what is 
more important, ensures absence of acid in the large iron tanks. As soon 
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as the krge tank is about full, air is blown in for five minutes by means 
of a steam injector throuj^b perforated pipes at the bottom of the tank. 
The old and new precipitates are thus intimately mingled by the 
thorough agitation, and this is found to produce; a much more perfect 
final deposition. The settlement is quick, and a clear li(juid is ready to 
be run off after one hour, almost free from suspended matter, but generally 
slightly tinted, especially if certain very soluble dyestuffs art* being used. 
Tlie tank can be emptied in fifteen minutes by means of a floating discharge 
pipe, but the mort' slowly this is done the less is the precipitate at the 
bottom disturbed. Tht' timt‘ occupied is, therefore, for filling, twenty 
minutes ; agitating, five minutes ; st'ttling, sixty minutt's : running off*, 



Fig. 28. — Mr Crothers’ Valvt*. 


thirty minutes ; so that in two hours 20,000 gallons have been treated in 
one tank. 

Every few days a portion of the sludge is run out into a sump, which 
also receives the sludge from a water-softening plant. From this it is 
raised into a tank for settlement, the clear top w^ater run oft’, and the 
remaining sludge filter-pressed ready for tipping. Thirteen and a half 
tons of sludge cake containing 60 per cent, moisture are produced 
monthly. The elevating of the mud and the pressing are done by com- 
pressed air, the plant for this portion of the work having been supplied by 
Messrs S. H. Johnson & Co. A very efficient valve used for admitting the 
refuse to the various tanks has been designed by the manager, Mr Crothers. 
After considerable trouble with slides and peilstocks, it has been found 
that this contrivance, very simple in construction and use, ensures entire 
absence of leakage (see Fig. 28). 
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The conyiderations which led to the adoption of the Archbut^-Deeley 
principle in this case were that : 

1. The refuse, which varies in composition every few mmutes, is 

averaged in the tank before treatment. 

2. Eacli tank fill can receive separate attemtion and treatment. 

8. In the event of any mishap, it is confined to one tank, and the 
whole process is not interfered with. 

4. The great simplicity of the apparatus. 

5. The whole process is open and visible, 

(). Square tanks are used, tlms economising space. 

7. The water is not liftc‘d much higher than the to]) of the tanks, 
which are 10 feet deep, while in many ])lants the lift is 40 feet. 

S. And, most im])ortant, the rate of settling of the precii)itato is 
remarkably (juick. 

0. 1'he working (;a])acity is great in pro})ortion to spa(;e occupied and 
cost of plant. 

Sami)lcs of tlu' I'efuse before and sifter treatment hsive been sinalysed 
from time to time, sind tlu' results of the analyses are given in Table XLV. 
It will be seen that the purification effected is very satis faidory, the 
reduction in suspend<id matters and oxygen absorbed being very marked. 

At smother mill where a similsir plsint is in use desiling with 00,000 
gallons per dsiy, the refuse includes wool-wsishing and piece'Seouring refuse 
from which the gresisc lisis been recovered by the usual sicid treatment, 
the washing-off waiters after piece scouring which siri' considered to contain 
too little greas(' to be wairth recovery, sind the wsiste waters from the 
dyeing of w'oollen smd worsted fancy piece's. The dyewares used arc 
mainly alizarines and wood extracts. 

In this case the plant consists of a large receiving tank capable of 
holding rather more than a day’s flow, into which the refuse is pumped ; 
two precipitation tanks, each of 14,000 gallons capacity ; and a small tank, 
divided into two compartments for containing the chemical prccipitants, 
which has a capacity of 150 gallons. These tanks are all constructed of 
wood. The reagents used are lime and alumino-ferric, about 8 lbs. of 
each being jidded to the contents of one large tank. The results obtained 
with this plant are shown in Table XLV. The capital cost of the works, 
including pumps, pipes, and fittings, amounted roughly to £1000, so that 
interest and depreciation can be taken at £100 per annum: the cost of 
the precipitants wwks out at j’bd. per 1000 gallons, or 12’8d. per day: 
labour and steam are reckoned at £50 per annum : and, taking all these 
into consideration, they amount to 2- 2d. per 1000 gallons. In reckon- 
ing this cost the profit on the grease recovery has not been taken 
into account. 

The Archbutt- 1 )eeley ^flant can be, as is showm by those two examples, 
very successfully used for the purification of dyew^ators. Its adoption, 
however, is only advisable in dyeworks which are large enough to warrant 
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the employment of a special manager of the purification works as the 
process is one which needs constant attention. 

Indigo Dyeing ~T\\m branch of dyeing produces refuse which differs 
somewhat from ordin<ary waste dyowaters and requires rather special 
treatment. Althoiigli in other trades it has been pointed out that the 
cost ot purification may often be met by the recovery of valuable bye- 
products, thwe is no such return to be looked for from the treatment of 
ordinary dyewaters ; the most that can be expected is to purify the refuse 
so that the effluent can be used again. The waste waters from an indigo 
dyehouse, however, are an exception to this, and from tliem it is possible 
to recover a large amount of the indigo. 

Dyeing with indigo is one of the oldest processes of the dyer’s art. 
Ages ago it was practised in the East, and our own forefathers before the 
Romans visited these shores were in the habit of staining their skins with 
woad, which contains a small proportion of indigo. Indigo is extracted 
from a large variety of tropical plants growing chiefiy in India, and during 
recent years it has been chemically produced from coal tar, when it is 
called synthetic indigo to distinguish it from the natural product. It is 
a pigment of the well-known dark blue colour, but in this form it is 
insoluble in water, and it must be converted into indigo white, a substance 
readily soluble, before it can bo used for dyeing wool or cotton. The 
indigo white is taken up by the fibre, and on exposure to the air is again 
converted into insoluble indigo blue. 

There are several metbodig of producing the indigo white, or reduced 
indigo. In the oldest method, the woad vat process, the indigo is robbed 
of oxygen by means of a ferimniting or slightly putrefying mixture of 
vegetable substances. According to Professor Hummel {The Dyeing of 
Textile Fairies, p, 30G), a woad vat of some 1500 gallons is made up 



lbs. 

Indigo .... 

33 

Woad .... 

660 

Bran .... 

22 

Madder .... 

5 to 33 

And dry slaked lime 

25 


whilst the Badische Anilin und Soda Fabrik in their handbook on Indigo 
give the composition of a vat holding 800 gallons as : 

lbs. 

Synthetic indigo, S. 20 per cent. . . . 20 to 45 

Woad . 

Bran 
Madder . 

Soda 
Lime 


10 

10 

5 

3 
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A sfcond method, the hydrosulphite or Read Holliday process, brings 
about the same result by more direct chemical action. In this, a vat of 
1000 gallons capacit}’ may contain, according to Dr M. Liebcrt {Indigo 
p. 30) 


Indigo blue M.LB., 20 per cent. 
Quicklime . . . . 

Bisulpliite, Tw. . 

Zinc dust 


130 lbs. 

12 ^ „ • 
14i*gallons. 
20 lbs. 


A third method, the ammonia process, has recently come more into 
use. In this process a vat of 2000 gallons may contain : 


Indigo B.A.S.F., 20 per cent, 
liydrosulphite B.A.S.F. 
Strong ammonia liquor 
(Bue 


GO lbs. 

9 „ 

1) gallons. 
8 lbs. 


In all these processes fresh materials are added from time to time 
as the vat contents become exhausted by the dyeing operiitions. In the 
woad vat the continual addition of the fermentive materials and the 
impuriti(5s added with them, or produc(;d during the fermentation, bring 
about a state of matters in which the vat contents, although still contain- 
ing much indigo, are so impure that they can no longer be used for 
dyeing. I'he litjuid portion is then sometimes transferred to a fresh vat, 
but more often run down the drain. The sludge in the bottom of the vat 
is thrown on the waste heap, or sometinujs stirred up and discharged with 
the liquid. The Jinalyses in Table XLVl. show the grossly ])olluting 
character of such discharges. They also show the great waste of indigo 
which takes place. 

The latter methods, (jspecially the ammonia pro(;ess, are of advantage 
in greatly lessening the waste of indigo and the amoinit of polluting refuse 
which has to b(; disposed of by the dyer. These vats can be used for much 
longer periods, and some ammonia vats are said never to be discharged. 

The methods of using these various processes are very much alike. In 
yarn and piece dyeing, the goods, which have been previously wetted, are 
immersed in the Ihpiid in the dye vat and are afterwards passed through 
rollers which squeeze out any excess. Exposure to the air then causes the 
oxidation of the reduced indigo and produces the; dark blue colour. To 
remove any excess of indigo the pieces are washed, sometimes in water 
alone and sometimes with the addition of fuller’s earth, soap, myrobalans 
(inyrabs), or acid, but always finally with large quantities of clean water. 

The liquid refuse, therefore, from the process of piece dyeing consists 
of the contents of the vats when they are discharged and of the daily 
discharge of washing waters. The analyses show the composition of 
these liquids. - Besides being too polluting to ‘be discharged to a stream, 
they contain large amounts of waste indigo. In a paper read before the 
Yorkshire Section of the Society of Dyers and Colourists on 20th February 
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1902, by Mr Edward Halliwell, F.I.C., who was then head of the labcyatory 
of the West Riding of Yorkshire Rivers Ik)ard, detailed analyses were given 
showing that the amount of indigo lost in the washing-off waters was 8 per 
cent, of the total amount used. The figures given in the accompanying 
tables, when compared with those he obtained, would seem to indicate that 
the losses often mindi greatcir. 

In dyeing unspun wool loss of indigo takes place in another way. The 
wool when taken out of the vat carries with it large quantities of loose 
indigo, and although sometimes part of this is washed off in slightly 
acidulated water, usually a large proportion remains entangled in the wool 
during the after-processes of carding, spinning, and weaving. This indigo 
is removed from the cloth in the ])rocess of scouring with soap, and when 
the soapy licpiids are treated for the recovery of grease the indigo passes 
into the magma and is retained in tlui cake after the grease has been 
pressed out. In this process, therefore, as well as in piece dyeing, there is 
a great loss of indigo. 

The recovery of this waste indigo should present no insuperable 
difficidty. It has been carried out suc(;essfully by several of the cotton 
dyers in Lancaslure. Mr R. A. Tatton, M.I.C.K., in a pa])er read before 
the Institution of Civil Engineers (Pi'oceedlmis^ 1900, vol. 140), in describ- 
ing 1 he purification works at the dyeworks of Messrs Sydall Bros., Ltd., 
Chadkirk, gives the following description of the recovery process adopted 
there : — 

“The Separate recovery of iiicbgo is generally adopted now at -works where any 
considerable (piantity is used, and is a very remunerative j)roces.s — the value of 
the pioducts recovered at these works amounting to about £1200 a year on a 
total consnmjMion of about £4000 worth of the raw material. The indigo is 
recovered from the solid which settles at the bottom of the dye vats, and also 
from the wash water, through which the pieces are passed after being dyed. 
The wash waters are first precipitated in tanks under the floor of the works 
with alumino-ferric and caustic soda, the top water is drawn off by means of a 
valve with a floating arm, and the solids, together with those from the dye vats, 
are jnimped u]) into a tank where they are treated cliemically ; this separates the 
pure indigo, which is used again in the dyeliouse.” 

Ill one dycliouso in Yorkshire (Glen Dyeworks, Todmordeii, Cornholme 
Dyeing Co., Ltd.), whore cotton waiqis are dyed, the recovery of indigo 
from the waste waters has been undertaken by Mr Lishman, and has 
brought about a saving of 20 per cent, in the total amount used. The 
first washing of the dyed warps is accomplished by passing them through 
a vessel containing 2000 to 3000 gallons of water. In this, most of the loose 
indigo is deposited, and the resulting sludge is from time to time dis- 
charged into a sump wdiich also receives any overflow from the vats them- 
selves or their contents when they are discharged as spent. From the 
sump the indigo sludge is pumped into elevated wooden tanks, where it is 
reduced and the lupiid clarified by settlement, the clear solution of reduced 
indigo being returned to th« vats. The ordinary wash waters are passed 
through a special settling tank on their way to the purification works which 
have been provided for the whole of the dyehouso refuse. In this tank 

II 
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the indigo Betties, and the resulting sludge, which consists almost entirely 
of indigo washed out of the goods, is passed back into the dye vats. 

There appears to be no reason w'hy e(jually effective measures should 
not be adopted for the r(5covery of indigo from the waste waters from the 
dyeing of worsteds. From the bibles of analyses it will be seen that the 
amounts of indigo present in these waters arc practically the same as in 
the case of cotton dyeing (sec Table XLVL). ' 

The waste indigo from wool dyeing is chiefly found, as has been stated, 
in the pressed magma (;ake resulting from grease extraction. Tlu'.re it is so 
intermixed with grease tliat it cannot be easily recovered directly. There 


Taui^e XLVll. 

SAMPLES OF SLUDGES TAKEN FROM INDIGO DYEWOEKS. 
{lirsuUs expresmi in parts per cent.) 


Nature of Sample. 

Mois- 

Organic and 
Volatile 
Matters. 

Ash. 

Total Nitrogen 
(Kjeldahl). 

Indigo. 

ture. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge. 

On 

Moist 

Sludge. 

On 

Dry 

Sludge, 

Sediment in oxlmusted 
woad vat . 

76*34 

9-43 

38*23 

16*23 

61*77 

0*38 

1*63 

1*12 

4*66 

Sludge cake from mixed 
dyehouse refuse - 










After six weeks’ air- 
drying 









6*90 

After one week’s air- 
drying 

92*42 

3-94 

61*98 

3*64 

48*02 

0*10 

1*32 

O'lO 

1*32 

After three weeks’ air- 
drying 

84*40 

1 

7*80 

60*00 

7*80 

60*00 

0*19 

1*28 

0*24 

1*56 

Taken from sludge 
filter . 

09*15 







0*26 

0*81 

Pressed cake * from seak 
indigo magma . 

24*46 

7211 

95*46 

3*48 

4-64 



6*23 

8*24 


* Containing grease 37 ’41 per cent, (on dry). 


are, however, numerous works now in operation for the extraction of the 
grease from magma cake by means of a solvent such as benzine or carbon 
bisulphide. It should bo quite practicable by vatting the degreased cake 
to dissolve out the indigo and afterwards to recover it by oxidation, as 
was mentioned in the discussion on Mr HalliwclPs paper. 

Owing to the present low prices the value of the indigo thus recover- 
able is very much less than it was before the introduction of synthetic 
indigo, but the sums paid annually for indigo are still very large, and if 
20 per cent, can be recovered by simple and inexpensive processes such as 
have been outlined, and at the same time the polluting matters discharged 
to the streams materially reduced, the results should be satisfactory both 
to the manufacturers and the Rivers Authorities. 
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If the indigo is not recovered from the spent contents of the indigo 
vats and the first washings of the dyed gowls, it passes on to mix with the 
general refuse of the dyeworks, and is then found in the sludge obtained 
by the settlement of such refuse. This sludge generally comes not only 
from the after-processes of indigo dyeing, when it may contain fuller’s 
earth,* myrobalans, etc., but also from dyeing with aniline and other 
colours. In*such mixed sludge there is naturally a much smaller pro- 
portion of indigo than is found in that from the exhausted vats and first 
washings, the proportion varying with the nature and extent of the pro- 
cesses, other than indigo dyeing, cjirried on at the dyeworks. From the 
analyses given (Table XLVIT.) it will be seen that even such mixed sludges 
may contain from 1 to 6 per cent, of indigo, an amount which ought 
certainly not to be wasted. The recovery ol the indigo from this mixed 
sludge might not be an economical process, and it would therefore be 
advisable to recover as much as ])ossible from the stronger wash waters 
before tluur admixture with the refuse from other operations. 

The waste waters from indigo dyeing, when mixed with other dis- 
charges from a dyehouse, are not found to interfere with any of the 
ordinary ])uritication processes. The indigo reaching the purification 
works is always in tlie insoluble form, and as such settles readily. In 
these cases, however, care should be taken that the settling tanks are 
frequently and completely cleansed in order to prevent their contents 
becoming septic, when the septicised matters would reduce the indigo 
and render it soluble. • 

Sulphide Black Dyeing . late years there has been a great develop- 
ment in dyeing cotton and other vegetable fibres with sulphide colours. 
These are coal-tar derivatives and are dissolved in a solution of sodium 
sulphide before application to the materials, so that any waste dyew'ater 
or washing water is necessarily of a highly polluting character and 
greedily absorbent of oxygen. There is little need to discharge the 
contents of the dye vats, as these can be freshened up with additional 
amounts of the dye and with such substances as sodium carbonate, 
common salt, or glucose, which last is sometimes added as a reducing 
agent; when cotton warps are dyed the dye licpior is often circulated 
through the material in patent dyeing machines, and this process, as has 
been previously mentioned, considerably aids in using up the dyestuff in 
the vats ; so that the main discharge consists of the washing waters. The 
first washings can be rendered less polluting by using them for a pre- 
liminary soaking of the goods, or can be reduced in volume by using them 
for making up the dye vats; but in spite of any of these contrivances 
there remains a discharge of polluting waste waters, highly charged with 
sulphides, and liable to give off volumes of sulphuretted hydrogen either 
by ordinary decomposition or when mixed with any acid waters (see 
Table XLVIII.). 

These waste dyewaters are troublesome to purify either by themselves 
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or whett mixed with other dyehouse refuse, and if discharged to a pubUo 
sewer arc extremely likely to cause nuisance in the sewers and to interfere 
materially with the treatment of the sewage. Tike the kier liquors of a 
bleach croft, it is better to trciit them seiairatoly in the first place, and the 
following description of works for the purpose, constructed by W. McD. 
Mackey, F.I.C., at a dyehousi; in Bradford, where the refuse waters are 
afterwards discharged into the public sewer, may serve as tfn example of 
the kind of tretitment likely to be effective. 

In this c.'isc cotton warps are dyed in a machine where the dye waters 
are circulated through the material under a ijressure of 40 lbs. to the 


Table XLVIII. 
SULPHIDE DYE REFUSE. 
{Ilcsidts ex2>Tesseii in parts per 100,000.) 
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Nature of 
Saniplu. 

Total 
Hohds. j 

Solids in 
Suspensiou 
(dried at 

100' C ). 

Solids in j 
Solution 
(dried at 
100" C.). 1 

Oxygen ab- 
sorbed from ^ 

permanganate 
in four hours 
at 26-7* C. 

1 

0) . 

at 

Hardness (in terms 
of Cat'O.q). 

ulphuretted 
i’drogen (from 
Sulphides 


! — 

! Total, j 

Ash. 

Total. 

Ash. 

Total. 

Filtrate. 

'S ® 

X 

Total. 

Pernit. 

Tempy. 















From Macke]!’ a 
Plant. 

Crude refuse. 


60-5 

4 9 

588-0 

476-4 

179-21 

151 05 

106-0 

3-5 

2-5 

1-0 


Do. 


1-4 

0-7 

315-0 

248-0 

93-70 

»'-60 


1-1 

1-0 

01 

21-7 

Precipitated and 
settled refuse 

420-1 

2',' 

2-2 

417-4 

369-0 

69-26 

56-16 


93-3 

49-3 

44-0 


Do. 

480 !> 

12-2 

(5-4 

474-3 

424-2 

73-20 

1 09-10 


53-0 

1 10-9 

36-1 

47-1 

1 

From, Chamber & 
Uaminond's Plant 
Crude refuse 

809-0 

1 77-8 

lG-4 

731-2 

669-2 

110-65 

1 

1 53 45 

58-3 

18-8 

3-3 

1 

i 

1 10-5 

17-3 

Final effluent 

788-7 

3-5 

0-7 

785-2 

702-6 

34-40 

1 32-70 

20-1 

18-8 

1 13-0 

1 6-8 

15-5 


square inch. When the dyeing is completed, water is forced through 
the goods, and the first portion of the washings is returned to the dye- 
liquor tank, while the bulk is discharged as refuse. The waste water 
passes into a sump, which is large enough to hold a day’s flow of 10,000 
gallons, and is pumped into a settling tank of 6000 gallons capacity. 
When the tank is full, about 20 lbs. of lime and 1 cwt. of copperak are 
added, and the contents of the tank are agitated by means of air blown 
in with a steam injector, and then left to settle for several hours. After 
settlement, the clear top water is discharged through a floating valve to 
^bo Bcwcr. 

The sludge is let off by a bottom valve to one of four sludge filters, 
each of which is in the form of a box 11 feet by 5 feet in area and 2J feet 
deep. The sides are made of wood and the bottom of expanded metal 
covered with cocoanut matting, on which is laid about an inch of engine 
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ashes. The sludge is only lot off from the settling tank after ^Keveral 
tanksful have been precipitated and run off, and each discharge fills one 
of the sludge filters, which is allowed to drain for several days, when the 
volume is reduced by two-thirds. The sludge is then removed by spade 
and thrown on to the adjoining ground to dry in the air before it is 
carted Hway, and when air-dried is said to amount to more than 50 tons 
per annum. fAs will be seen from the analyses, this treatment effects a 
large amount of purification, but the effluent resulting, although fit for 
reception into a sewer, as in this case, would reipiire further treatment 
before it could be considered fit to discharge into a stream. The treat- 
ment by lime and copperas carries down a great deal of the organic 
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matter and the sulphuretted hydrogen, so that the offensivoness of the 
refuse is to a great extent removed, and it can be purified along with • 
other waste dyewaters. 

In another case works for dealing with refuse of this kind have been 
constructed with the object of effecting more complete purification so as 
to produce an effluent fit to be discharged to a stream. These works 
were designed by Messrs Chambers & Hammond, Huddersfield, and are 
shown in Figs. 29 and 30 ; they deal with a flow of 30,000 gallons, pro- 
duced in a working day of ten hours. The dyewaters are received into 
a sump, where they are screened. They are raised by a pump to the top 
of an aerating tower, 10 feet in height, and formed of louvred boards like 
a water cooler. As the lifjuid trickles down this tower it is exposed in 
fine subdivision to the action of the air, with the view of oxidising and 
rendering inoflfensive any free sulphuretted hydrogen. At the base of 
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the aerating tower a block of alumino-ferric is placed as a precipitant, 
and the licpiid is passed through a series of four settling tanks, the lower 
portions of whicli are in the form of inverted pyramids. Baffle boards are 
provided to direct the current of licpiid downwards, and the overflow from 
one tank to the next takes place over a sill extending over the whole 
width of the tank so as to reduce the velocity of the current. • At the 
outlet of the final tank the li(piid has to pass through a filter of line wood 
shavings. Tlu' tanks are so arranged that the sliidgcj which collects in 
the pyramidal bottoms can be removed under the hydraulic head of the 
supernatant water without throwing the taidis out of use. The sludge 
thus removed is very liquid and is discharged on to sludge beds where the 
water separates, being partly removed by underdrains and partly allowed 
to escape by swived pipes, and is returned to the sump to be mixed with 
the crude refuse*. The sludge pipes in the settling tanks are brought up 
with open ends to the top of the tank, so that they can be* rodded if they 
become blocked. 

The analyses given in Table XLVlll. show the result of this treatment, 
and it will be seem that, although the removal of suspended solids has 
been very complete and there has been a marked reduction in the oxygen- 
absorbed figure, the amount of sulphuretted hydrogen in tlu; effluent is 
practically the same as in the crude refuse. 

Summary. — In reviewing the various methods herein described for the 
purification of dyewaters, it will be noti(;ed that the dyer can usually look 
for no profit from the treatment of his waste waters ; but although this is 
true on the whole, there are many ways in which the necessity foi' treatment 
has led to economies which have at hiast partially rc])aid him. Mention has 
already been made of the changes in the methods of dyeing, which have at 
least to some extent been brought about by the necessity of purifying the 
dyewaters ; of the modern dyeing machines, which nupiire much smaller 
volumes of dye li(iuor and are more ellective in exhausting the colours 
than the older vats ; of the screens by means of which much valuable fibre 
is recovered ; of the recovery of indigo in indigo dyeing, and, finally, of the 
recovery and re-use of the w^ashing waters. It is in this last direction that 
the greatest economy is likely to be eftected. in every cas(5 where the 
water supply of a dyehouse is limited, and especially where water has to 
be purchased, it would manifestly be to the dyer’s advantage to separate 
the cleaner washing waters from the rest of his wastes and to purify them, 
as is done at Bowling Dyeworks (p. 144) and in Waite’s plant (p. 136), so 
as to make them again fit for use in the dyehouse, leaving only the dirtier 
waters to be treated as rebise. 

One problem in dealing with dyewaters is the removal of dissolved 
colouring matters, but, generally speaking, it will be found that precipita- 
tion by the reagents mentioned, especially lime, will be ettective in removing 
colour as well as in causing the deposit of solids. The dyer is to a certain 
extent protected with regard to the discharge of coloured effluents by the 
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definition in the Rivers l*olhition Prevention Act, 1876, Section ?0, which 
says: . . ‘ i*ollutiiig ’ shall not inelude innocuous discolonration . . . 

and which is also rcjx'ated in other Acts ; but obviously a discolouration 
which may be innocuous under certain conditions may be very objection- 
able in other cases. In practice it is generally found that if all the 
suspt.«)d(‘d matters are removed from dye water, and the effluent is dis- 
charged intft a running stream of considerable volume, the colour soon 
disappears ; but this is not always tlie case, for there are certain colouring 
matters, such as geranium red, iised by paper makers, and certain greens, 
used ill the woollen trade, which are extremely persistent, and will stain a 
stream for miles. Mven sucli piu’sistent colours can be removed by proper 
treatment; for examplt*, Mr E. llalliwell, F. LC., has found that although 
a geranium-red colour jiersists after precipitation of the waste waiters with 
alumino-ferric, beca.us(‘ the colour lake formed with the aluiiiina is soluble 
in th(' sulphate present, it can be removed by using aluminium chloride, 
inasmuch as the colour lake is not soluble in chlorides. 

Printing. — Tlie trade rc'fuse from print works (see Table XLIX.) is 
usually very similar to waste dyewaiters. The colouring matter used is for 
the m()st])art, however, applied to the goods by means of stamps or rollers, 
and for this ])urpose it must be thickened with such materials as starch, gum, 
albuuKui, or china clay, and as the process depends for its success upon 
all the apparatus and machinery being kept thoroughly clean, there is a 
considerable amount of waste water resulting from th(‘ washing of tubs, 
rollers, and “ bjicking cloths,” which carries some of the thickening agent 
with it as well as colouring matter. The goods are also often passed 
through baths of mordanting li(juors -consisting of solutions of salts of 
chrome, iron, alumina, etc., and these are from time to time discharged. 
There are other waste* waters from such processes as cleansing by 
soaping, eliminating the starch useM for thickei.ing wdth malt extract, 
bleaching by chlorine, treating with decoction of cow' dung to cleanse 
the wdiite part of the goods, and the frequent washing of the goods 
thus treated. At most calico printing works, moreover, the cotton 
goods arc bleached before being printed, and the strongly alkaline 
“boilings,” as well as all the other bleach-croft wastes, are discharged 
with the general refuse. 

Apart from the presence of the kier liquor from the bleach croft at 
calico print works, which it has already been suggested should be dealt 
with separately, the chief point of difference between the discharge; from 
printing and the waste water from a dyehouse is that the former is liable 
to contain organic matters, such as starch, gum, albumen, cow' dung, and 
malt extract, and these render this liipiid more difficult to purify by 
chemical precipitation, and more amenable to biological methods of 
purification. • 

It is found in practice that the provision of catchpits on the drains 
from the different departments, and the frequent removal of the solids 
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retained* in them, render the mixed refuse much easier to purify and 
suitable for the application of any of the methods usually adopted for 
purifying dyewaters. 

Stiffening and Loading. — In the finishing of cotton goods there are ■ 
various jirocesses for the application of stiffening materials, such as starch, 
size, and mucilage ; the goods are often loailed with such substances as 
china clay and insoluble salts of lime and baryta ; in rendermg the goods 
waterproof and non-inflammable various reagents are added, such as salts 
of alumina, magnesia, and hiad for the former purpose, and ammonium 
phosphate and sodium tungstate for the latter purpose ; but as all these 
substances hav(3 a considerable value, and as there is no after-washing of 
the goods, the only polluting discharges from the processes come from the 
washing of the various utensils. These are small in amount, and when 
occurring in connection with bleach, dye, or print works have little effect 
upon th(‘ gtmeral discharges, and can be treated along with them. Where 
they occur sej)arately tlu^y (;an easily be disposed of by evaporating them 
on the furnace ashes. 

In a few of the mills where heavy woollens are manufac.tured some of 
the pieces are stiffened by passing them through a strong starcjh liquor, 
the excess of which is afterwards washed off in a “dolly” or washing 
machine. This waste starcli liquor (see Table XLIX.), if mixed with soa])y 
scouring refuse, renders the separation of the grease by the ordinary acid 
method of I'ecjovery exceedingly difficult. The starchy licpiid in such a 
case should be dealt with separately, and it cafi be purified by precipitation 
with alumino-ferric,,8ettlement, and filtration. 

Carbonising and Stripping. — In raw wool there are numerous particles 
of vegetable material, in the shape of seeds, burrs, and small particles of 
grass, which have become entangled in the wool while still on the 
sheep’s back. In shoddy, wdiich is woollen fibre which has previously 
been manufactured, there are fre(piently considerable amounts, averaging 
20 per cent, of its weight, of cotton fibre, and in both these cases the 
vegetable matter must be extracted by a preliminary process, as otherwise 
it would appear as specjks or blemishes in the finished goods. This process 
is known as extracting or carbonising, and is essentially a conversion of 
the cellulose of the vegetable matters, by the aid of acid and heat, into a 
hydrocellulose, which, when thoroughly dried, is brittle, and can easily be 
shaken or beaten out of the woollen fibres. When sulphuric acid is used, 
the wool or shoddy is thoroughly soaked in dilute acid of some 1*03 specific 
gravity, dried, and passed through a Iiot-air chamber, the temperature in 
which is some 80° C. When hydrochloric acid is the carbonising agent 
the material is exposed to its fumes at a similar temperature, about 20 
gallons of spirits of salt being necessary for carbonising a ton of rags. 
The escaping acid fumes are condensed in a* scrubber or water tower. 
When the wool or shoddy is removed from the carbonising chamber it is 
willeyed or shakep in a special machine to break up and sieve out the now 
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definition in the Rivers l*olhition Prevention Act, 1876, Section ?0, which 
says: . . ‘ i*ollutiiig ’ shall not inelude innocuous discolonration . . . 

and which is also rcjx'ated in other Acts ; but obviously a discolouration 
which may be innocuous under certain conditions may be very objection- 
able in other cases. In practice it is generally found that if all the 
suspt.«)d(‘d matters are removed from dye water, and the effluent is dis- 
charged intft a running stream of considerable volume, the colour soon 
disappears ; but this is not always tlie case, for there are certain colouring 
matters, such as geranium red, iised by paper makers, and certain greens, 
used ill the woollen trade, which are extremely persistent, and will stain a 
stream for miles. Mven sucli piu’sistent colours can be removed by proper 
treatment; for examplt*, Mr E. llalliwell, F. LC., has found that although 
a geranium-red colour jiersists after precipitation of the waste waiters with 
alumino-ferric, beca.us(‘ the colour lake formed with the aluiiiina is soluble 
in th(' sulphate present, it can be removed by using aluminium chloride, 
inasmuch as the colour lake is not soluble in chlorides. 

Printing. — Tlie trade rc'fuse from print works (see Table XLIX.) is 
usually very similar to waste dyewaiters. The colouring matter used is for 
the m()st])art, however, applied to the goods by means of stamps or rollers, 
and for this ])urpose it must be thickened with such materials as starch, gum, 
albuuKui, or china clay, and as the process depends for its success upon 
all the apparatus and machinery being kept thoroughly clean, there is a 
considerable amount of waste water resulting from th(‘ washing of tubs, 
rollers, and “ bjicking cloths,” which carries some of the thickening agent 
with it as well as colouring matter. The goods are also often passed 
through baths of mordanting li(juors -consisting of solutions of salts of 
chrome, iron, alumina, etc., and these are from time to time discharged. 
There are other waste* waters from such processes as cleansing by 
soaping, eliminating the starch useM for thickei.ing wdth malt extract, 
bleaching by chlorine, treating with decoction of cow' dung to cleanse 
the wdiite part of the goods, and the frequent washing of the goods 
thus treated. At most calico printing works, moreover, the cotton 
goods arc bleached before being printed, and the strongly alkaline 
“boilings,” as well as all the other bleach-croft wastes, are discharged 
with the general refuse. 

Apart from the presence of the kier liquor from the bleach croft at 
calico print works, which it has already been suggested should be dealt 
with separately, the chief point of difference between the discharge; from 
printing and the waste water from a dyehouse is that the former is liable 
to contain organic matters, such as starch, gum, albumen, cow' dung, and 
malt extract, and these render this liipiid more difficult to purify by 
chemical precipitation, and more amenable to biological methods of 
purification. • 

It is found in practice that the provision of catchpits on the drains 
from the different departments, and the frequent removal of the solids 
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brittle vegetable matters. Finally, the acid remaining in the materials 
must be got rid of, and this is done by repeated washing or steeping in 
water, to wliicl) in some case's soda is added to neutralise the acid. In 
all cases, however, clean water is used for the final washing. 

When shoddy is made from coloured rags the colour often requires to 
be extracted, especially wluai the shoddy is to be made into light coloured 
materials. This is usually eflected b}" “stripjnng” the colours with 
sulphuric acid, sometimes aided by an oxidising or reducing agent. The 
rags arc boiled in an acid solution, containing some 15 to 25 per cent, of 
acid when an oxidising agent is used, and sonn; 1 to 2 per cent, with a 
reducing agent, and this is afterwards run ofl' and replaced by a weak 
solution of soda to neutralise the residual acid. The residual soda is then 
xvashed out by clean water. 

The discharges, therefore, from carbonising and stripping are very 
similar in character, consisting of the acid liquids, the alkaline neutralising 
liquids, and the washing or steeping waters, all of which carry with them 
in suspension and solution sonn^ polluting matters which have been 
extracted from the materials treated. Analyses of these liquids are given 
in Table XLIX. 

The purification of such li(puds is quite siniplc. If they are mixed 
together, neutralised, and effectively settled, the resulting effluent may 
generally be discharged to a stream, or may be used in the boilers of the 
mill. In some cases the effluent produced by treatment of this kind is 
re-used in the processes, but in such cases the manufacturer generally 
prefers to use clean water for the final washing of his materials, and this 
when discharged can scarcely be considered polluting. 

Mercerising. — ^I’his is a process in which cotton goods are treated under 
tension with a strong solution of caiistic soda in order to give them a per- 
manent silky lustre. ,( Iccasionally the soda liquors are discharged after 
use, but there is no excuse for allowing them to escape into a stream, as 
the recovery of the soda is very profitable. The liquors are generally 
concentrated by evaporation and causticised as described on p. 88, when 
they are again fit for use. 


For Bibliography we end of Chapter IX, 



CHAPTER IX. 

THE TEXTILE 'I’RADES— coreimwe^^. 

Piece and yarn scouring— Milling and fulling —Treatment of refuse — Grease recovery 
very jirotitable— Purification works at Rowley Mills— Hopton Mills— Flannel manu- 
facture— Blanket scouring— Peel House Mill and Providence Mill — Summary — 
Bibliography. 

Piece and Yam Scouring. — In the ])reparation of raw wool, and especi- 
ally of shoddy, for spinning, considerable (juantitics of oil or grease 
must be used, varying greatly according to the nature of the raw material, 
being, in the case of wool to be spun into worsted yarn, only from 2 to 3 
per cent., while, in shorter-stapled wool, and more especially in shoddy 
mixtures wliicli are being made into lower-class woollen goods, the grease 
added may be as much as 25 per cent, of the weight of the material. All 
this grease, with any dirt which may have been taken up in the processes 
of manufacture, must be removed from the yarn or piece, and although 
the machinery employed for dealing with different clas^ses of goods varies 
slightly, the process is practically the same in all cases, consisting 
essentially of washing with soap, soda ash, or ammonia, or sometimes with 
fuller’s earth. 

In the Report of the Royal Commission of 186H*( Third Report, p. 20) 
frequent mention is made of stale urine, pig’s blood, and pig’s dung being 
used as detergents, and at that time also human fieces were used in some 
mills, but the value of these was chiefly due to the carbonate of ammonia 
they contained, and they have been almost universally displaced by soda 
ash (carbonate of soda) and soap. There are still, however, a few old- 
fashioned mills, especially in the blanket trade, where pig’s dung and stale 
urine are used. 

It will be simplest first to describe the processes where soap and soda 
are employed as detergents. Just as the amount of oil present in the 
goods varies according to the nature of the material, so does the strength 
of the seak, or soapy solution, used for removing the oil. For example, in 
scouring worsted yarns it was found in one case that 6 lbs. of soap were 
used to scour 100 lbs. of yarn, and in this case no alkali was being used. 
At another mill, where li^t worsted goods were being scoured, 6 lbs. of 
soda ash and 2 lbs. of soap dissolved in 26 gallons of water were used for 
scouring 100 lbs. of the goods, and this was followed by a second washing in 
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which 8')ap alone was used to the amount of 4 lbs. dissolved in 20 gallons 
of water. Woollen pieces, especially those which are principally made of 
shoddy, contain, as has been said, very much larger amounts of grease than 
yarns or worsteds, and the scouring process is therefore a more severe one. 
In some cases, indeed, only soda is used in making up the scouring litpiid, 
when 7 lbs. of soda ash dissolved in 30 or 40 gallons of water may be 
necessary for scouring 100 lbs. of the goods. It has beeft found that, 
generally speaking, three pieces, each about 80 yards in length, are 
scoured together, and that 2000 gallons of water are used in the whole 
process, but this amount naturally varies according to the water supply 
available. 

As has been stated, the scouring operation is practically the same in 
every casci. The goods are placed in a “ dolly ” or washing machine, 
provided with machinery for keeping them constantly in motion, and 
passing them alternately through the seak prepared as above, and between 
wooden rollers, which serve to press the seak into the goods and mix it 
thoroughly with the contained grease. When t\m part of the operation 
has continued for some half hour or more, water is turned on and sprayed 
over the goods as they revolve in the dolly, the outlet of the dolly is 
open(‘d, and the soapy water allowed to escape, and this “washing-off” is 
kept up for an hour or more, until the escaping water shows no signs of 
soap or grease. 

Owing to the diff’erences in the goods scoured and in the detergents 
used, the waste liipiids vary greatly in strength, altho\igh all are practi- 
cally of the same nature. The discharges from any onc' of the processes 
vary also according to the stage of the washing at which the sample is 
taken. The first discharge is that of the seak or scouring mixture, with 
much of the dirt and oil extracted from the goods, and this and the first 
washing waters are se soapy that in most cases the grease is recovered 
from them as a valuable bye-product. This greasy water may roughly be 
estimated at a third of the total discharge ; as the washing proceeds, the 
escaping waters, although less greasy, are still highly polluting, and these 
may be reckoned as constituting another third of the total ; the remaining 
third consists of cleaner waters which contain very little grease, and may, 
in some cases, bo discharged to a stream without detriment. 

Either before or after the pieces have been cleansed by scouring they 
have to be “milled” or “fulled,” a process of felting in which they 
are submitted to a violent pressing, kneading, or beating in the milling 
machine or fulling stocks, being first saturated with a strong solution of 
soap, to which carbonate of soda or fuller’s earth is sometimes added. 
When this milling is done before the pieces are scoured, the grease and 
soap are all removed in the scouring operation, but when the goods have 
been scoured before being milled, the soap, soda, or fuller’s earth intro- 
duced in the milling must be washed out, and this produces refuse very 
similar to that from piece scouring, although not so polluting. 
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In certain cases, particularly for the final cleansing of lygh-class 
worsted goods previous to dyeing, ammonia is used as a detergent, but 
this is always done in the dyehouse, and the resulting licpiids are only 
slightly polluting, and can easily be dealt with along with the dyewaters. 

In the scouring of carpet yarns fuller’s earth is generally used, and 
the refuse wjiters cannot be profitably treated for the recovery of the 
grease. Tin; refuse produced is very similar to that from the scouring of 
blankets with fuller’s earth, and can be purified by the method described 
on p. 196. 

All the above-mentioned soapy liquids are grey and turbid, with a 
frothy scum, and deposit considerable amounts of solid matter on standing : 
they soon putrefy, when they turn black and give off offensive smells ; 
they are invariably strongly alkaline in reaction, and if discharged into a 
stream, they are liable to produce fungoid growths in its bed. 

The purification of these liquids is not a difficult matter. The first 
consideration is whether an attempt is to be made to recover the grease 
which they contain, and in tliat case the acid recovery process already 
described in connection with wool suds is almost invariably adopted. The 
effluent produced by this acid treatment is, however, very much less 
polluting than that obtained from wool suds, inasmuch as it docs not 
contain any of the organic matters naturally present in raw wool ; nor 
docs it require to be as strongly acid as the wool-washing effluent, for the 
grease in j)iece-scouring suds is much more readily separated. 1 f etteeti vely 
neutralised and filtered,'it is generally fit to discharge to a stream. 

An excellent plant on this system has been constructed at ilowley Mills, 
Lepton, by Messrs. Thos. Waite & Co., 3 Hillside Ko^d Works, Bradford, 
for the occupiers, Messrs C. Beaumont &■ Sons (see Fig. 31). This firm 
carries on the business of “finishing” woollen and w’orsted goods, and 
the process from which liquid refuse is produced^ is piece scouring. 

The goods or pieces are first scoured in a washing machine with soda 
ash (carbonate of soda) and soap substitute (a patent alkaline preparation). 
After this scouring process the pieces are milled with the aid of a solution 
of soap, and this soap is afterwards washed out in the scouring machines. 
The amount of grease and soap in the refuse is comparatively small in 
this case, the goods which are scoured being mostly of light texture and 
containing little grease. 

The whole of the waste waters from the scouring machines, amounting 
to some 20,000 gallons a day, are conveyed to a sump of 4500 gallons 
capacity, from which they are pumped into seak tanks for the recovery 
of the grease. There are three seak tanks, constructed of wood, with a 
capacity of some 10,000 gallons each. They are fitted with small pipes 
through which air and steam are blown by an injector in order to 
thoroughly agitate and mij^ the contents of the tanks. When a tank has 
been filled with suds, vitriol is added to the amount of some 10 or 11 
gallons, and the tank contents are then thoroughly stirred up by means of 
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injecterl <.iir for seven or eight niiiiutcs. The man in charge then takes a 
8ampl(' of the mixture in a glass vessel in order to ascertain whether the 
suds are thoroughl}" “cracked.” If not, he adds a little more acid. If 
too miudi acid appears to have been already added, he can add a little 
more of the suds, and a man who is accustomed to this kind of work can 
effectively separate the grease in the refuse without adding much ^xcoss 
of acid. • 

After tills “ cracking,” the refuse is allowed to stand in th(‘ tanks for 
some three hours or more until tlu^ grease is thoroughly separated from 
the acid water. The latter is then run off through an outlet about a foot 
from the bottom of the tank, to be further purified. 

The magma or greasy sludge remaining in the tank is run o(f by a 
bottom outlet to one or other of four magma filters. The magma, 
however, is only run olf after the tank has been twice tilled and the 
contents “cracked,” so that each discharge of magma (5omes from about a 
day’s discharge of the refuse waters, or ’JO, 000 gallons. 

The acid watcu* from the soak tanks is delivered into a wooden neutral- 
ising tank of ”»r)()0 gallons capacity, and from this issyidioia'd into another 
similai* tank. The neutralising agent used is milk of lime, wdiich is pre- 
pared in a special mixing tank of 440 gallons capacity, and is dc'livered 
into the channel which conveys the acid waiter into the neutralising tanks. 
The (juiintity reckoned to be sulTicicnt for neutralising the acid water of 
one of the seak tanks (10,000 gallons) is about 30 lbs. of (|uick-]imc. 
This amount is added to a tank full of water (ItO gallons) and kept 
agitated by a mechanical stirrer, worked from a shaft in the mill, and is 
gradually dischargi‘d at the same time as one of the seak tanks. 4’he 
lime water is thus thoroughly mixed with the acid water in i)assing 
through the two neutralising tanks, and any resulting deposit settles in 
those tanks. 

The neutralised liquid passiis out of the tanks by a syphon ])ipe with 
outlet about 2 feet from the bottom of the .second tank, and is convey^ed 
by a wooden trough to a percolating filter 30 feet in diameter, composed 
of broken stone and ashes about 4 feet deep, and varying in size from 
2 inches at the bottom to } inch at the top, the effluent from the filter 
being discharged to the stream. 

The distribution of the neutralised liquid on the filter is efi'oeted by a 
patent sprinkler. The li(juid is discharged upon a small overshot water- 
wheel 3 feet in diameter and then distributed by a revolving tubular 
sprinkler of the common type. The water-wheel drives a shaft with a 
cog-wdieel arrangement, by means of which the revolution of the sprinkler 
is aided. 

When the neutralising tanks are being cleansed most of the liquid 
contents arc run oft to the sprinkler filter, th« remainder, including 'the 
sludge, being discharged on to a small ash filter 9 feet by 0 feet, but this 
has been found to be much too small, and the liquid escapes from it by an 
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overflOjW to the stream. W^ith care in letting off the acid water from the 
seak tanks, the amount of sludge which collects in the neutralising tanks 
is only very small. 

Each of the magma filters is 13 feet by 8| feet, and composed of 
furnace cinders 2 feet in depth, with a covering of bricks set with inter- 
vening spaces about half an inch in width. The water which drains away 
from the magma is received into a pump well from which, it is intended 
to be pumped back to the seak tanks. The magma, after draining, is 
shovelled into pieces of sacking and made into “ puddings ” in the usual 
way. These puddings average 12 lbs. in weight each, including the 
sacking, which weighs 2 lbs., and from each discharge of magma, repre- 


Table LI. 

SLUDGES TAKEN AT ROWLEY MILLS, LEPTON (G. BEAUMONT & SONS). 
{Rr suits expressed in parts jier cent.) 



Moist Sludge. 

* Dry Solids. 

Sam})l(3 of 

M oisture. 

Oi'gauic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Nitrogen 

(Kjol- 

dahl). 

Total 

Fatty 

Matter, 

Magma 

64*50 

34*30 

1*20 

96*70 

3*30 

3*14 

78*60 

Sludge from neutral- 
ising tank . * , 

69*75 

17*23 

13*02 

67 *00 

1 43*00 

0*69 

40*00 


* Tlie figures are calculated from an analysis of the moist sludge. 


son ting, as has been shown, the daily amount of 20,000 gallons of refuse, 
some sixty magma puddings are \i8ually made. 

Messrs Deaumoiit have made an arrangement with a firm of grease 
extractors who provide the vitriol required in the process of “cracking,” 
and take all the magma made, paying for it at the rate of 15s. per ton 
net, i.e. deducting the weight of the sacking. 

Messrs Beaumont state that the total cost of the plant here described, 
including the alteration of drains inside the mill, was £600. The labour 
required is that of one man at 23s. per week, or £59, IGs. per annum, 
and the cost of the lime used as a precipitant amounts to £9 per annum. 
As against this they receive about £52 a year for the grease. On these 
figures, allowing 10 per cent, on capital for depreciation and interest, and 
£5 per annum for the cost of steam used, but excluding the cost of the 
site, the net annual cost amounts to £82, or 3^d. per 1000 gallons treated. 

A plan and section of the purification works are given in Fig. 31, and 
in Tables L. and LI. analyses of the refuse at various stages of the 
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purification. On comparing the organic nitrogen and oxygen-sjbsorbed 
figures in the effluent from the neutralising tank and the final effluent, 
it is evident that a large amount of purification has been brought about 
by biological action in the percolating filter. 

In the heavy woollen trade, in which, as has been explained, much 
larger jg[uantities of oil are used, the process of grease recovery is much 
more profitable. One firm in the Batley trade, making army, railway, and 
police cloths, which weigh 30 to 40 ounces per yard, has kindly furnished 
the following particulars. During a year’s working 4000 pieces were 
manufactured, each 80 yards in length, in scouring which 1000 gallons of 
water were used per piece. The oil used in manufacturing these goods 
amounted to 59 tons 10 cwts. recovered in the scak plant and re-used, 
valued at £535, 158., together with 16 tons 16 cwts. freshly purchased, 
valued at £261, 2s. fid. The soap used cost £13, 15s. 4d., and amounted 
to 14 cwts., of which half, or 7 cwts., may be reckoned as oil, making a 
total of 76 tons 13 cwts. in all. Forty tons of soda ash were used for 
scouring, and cost £184, 7s. lOd. 

The piece-scouring waters are all passed through a screening apparatus 
of the kind shown in Fig. 41 (p. 241), and pumped to a grease-recovery 
plant, very similar to that at Rowley Mills (p. 175), in which the grease 
is recovered by the aid of sulphuric acid, and the resulting effluent is 
neutralised by lime and strained through a cinder filter. 

The shoddy or greasy waste from the scribbling and carding machines 
is, in this mill, mixed with the magma and pressed for the recovery of 
the oil, and thus the amounts of oil recovered and of press cake are 
increased. 


The screening and seak plant, including pumps, 


presses, and filters, cost . . . ^. 

£563 

0 

0 

The lime used in a year .... 

£1 

2 

0 

Labour (one man at 30s. per week) 

80 

0 

0 

Vitriol 

. 42 

8 

0 

Steam and town’s water (for the hydraulic 




press) 

50 

0 

0 

Cloths for the magma puddings . 

1 

11 

0 

Annual working cost . 

£175 

1 

0 

The oil recovered was 59 tons 10 cwts.. 




valued at 

£635 

15 

0 

The flocks recovered were 397 stones 

8 

5 

0 

49 tons of pressed c^ke were sold for 

22 

8 

0 

Gross annual return 

£566 

8 

0 
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Th(j profit and loss account may therefore be set out follows : — 

dross annujil return . . . . . £566 8 0 

10 per cent, for interest and 
dc'prooiation on £563 . £56 6 0 

Working costs . . . 175 1 0 

Annual charges . . . 1231* 7 0 

Annual jirofit . . . £335 1 0 


It will 1)0 seen that of the oil used in the processes of manufacture 
some 77 pfT cent, is recovered and used over again, ami similar figures 
have been obtained at another mill in the same kind of trade. 

At a mill in the Hiidderstield trade good works for the extraction of 
gniase from the liipiid refuse produced in the process of scouring fancy 
woollens and worsteds have been erected by the Longwood hhiginecring 
Co., Ltd. 

Only the thicker suds are treated, as the District Council are preparing 
a sewage scheme which will deal with th(‘ other waste waters from the 
mill. The suds are jiassed through large sieve boxes in connection with 
the washing machines, and afterwards through a patent ilock catcher like 
that shown in Fig. 41 (]>. till), into a pump well or sump, the quantity 
treated averaging 11,000 gallons per day. From the sump the refuse is 
])um[)ed to four wooden seak tanks of an average capacity of 3500 
gallons. Kac.h tank is litted with an arrangement of paddles on a central 
spindle, mechanically driven, and also with a half-inch steam pipe. 

A tank is filled with the suds, the necessary quantity of vitriol (about 
11 gallons) added, tlu^ mechanical stirrer set in im)tion for about fifteen 
minutes, steam blown, into the Ikjuid for about ten minutes, and the tank 
contents allowed to settle for about two hours. At the end of this time 
the grease or magma has risen to the top of the liquid, and the clear acid 
water is run off from the tank by a bottom valve })rotected by a sleeve 
pipe, as described on p. 116. The tank is again filled with suds and the 
operation repeated, after which the sludge or magma is discharged to a 
magma filter, of which there are four. There it is allowed to drain until 
most of the acid water has been got rid of, when it is made into 
“ puddings ” by folding it up in pieces of sacking, each parcel weighing 
about 14 lbs. The puddings are pressed in a steam-heated press, working 
up to a pressure of 400 lbs. to the scjuarc inch ; here the grease and water 
are pressed out, leaving the solids behind in the form of a magma cake, 
which is stored and sold. 

The firm took very careful observations over a definite period, during 
which 6512 pieces were scoured, two-thirds woirlleii and one-third worsted. 
The average weight of the pieces before scouring was 90 lbs., while the 
average weight of the finished goods was only 78 lbs., showing a loss of 
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12 lbs. per piece.^ Ten thousand pounds of flock or fibre were recovered. 
The amount of oil used in the manufacture of tlie goods was 18 tons, and 
39 tons of soap were used for scouring, of which half may be reckoned as 
oil, or a total of 37 J tons of oil. Forty-six tons of shoddy or waste fibre 
from the carding process were sold, containing 30 per cent, of oil, or 13J 
tons, and 17J tons of oil were recovered from the suds, or together 31 J 
tons, or 83 per cent, of that originally present. The remaining 17 per 
cent, was lost in th(i washing-ofi‘ waters and in the magma cake. 

The profit and loss account on the grease I'ccovery is stated as 
follows : - 


Interest and depreciation at 7i per cent, per 

annum on cost of building . . . . 13 0 

Interest and depreciation at 10 per cent, per 
annum on cost of plant . . . . 20 11 0 

Wages 34 10 0 

Vitriol, sacking, etc 47 0 0 

Steam 8 10 


Total . . .€122 15 0 


17^ tons oil recovered, at .£8 per ton 

. £140 

0 

0 

10 tons magma cake, at 6s. per ton 

3 

0 

0 

Total . 

. £443 

0 

0 

Credit balance for the period in which 

6512 



pieces wore scoured . . . . 

. £20 

5 

0 


Tables Lll. and LIll. show analyses of the various liquids and sludges, 
and from the acidity of the final eflluent it is evident that a considerable 
quantity of acid was being wasted. 

In the plant last described, although the works are very effective for 
the recovery of grease, they are not designed to produce an effluent fit to 
discharge into a stream. This, however, can easily bo accomplislied by 
treating the acid water from the grease-recovery process along with the 
alkaline washing-off waters, when the two discharges neutralise one 
another, and the fatty matters they may contain ar(i precipitated and 
can easily be removed by sedimentation and filtration. This is the plan 
adopted at Hopton Mills, Mirficld, where a plant for the purification of 
the waste waters has been erected for Messrs H. Wheatley Sons by 
Messrs Kirk & Sons, Architeqf^s, Dewsbury. The plant has been at work 
for nearly six years and constantly giving excellent results. 

The manufacture carried on at the mill is that of imitation sealskins 
and woollen and union piece goods, rugs, blankets, and yarns, and the 
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Fatty Matt<*r. 


Alkalinity 
(as NaijCO;}). 

Acidity 
(as H 2 SO 4 ). 


' 'tj • 

I g e 


^ S 9 2 

M I Sag 

1 O ^ 


Organic 
(Kjeldahl). | 

S T 

|d I Albuminoid 
p (Wanklyn). j 

g I 1 

, ^mmoniacal. 


s 

02 


As Oleic Acid. 
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processes from \^ich the trade refuse is produced are piece and yarn 
scouring, and dyeing. Only yarn is dyed, ground logwood and bichromate 
of potash being used in the process, and the dyeing is only occasionally 
done. The spent logwood is recovered from the dye liquors in a catchpit 
fitted with a screen, and thus from the dyehouse only the screened dye 
liquors tave to,be dealt with in the purification works. 

The thicker piece- and yarn-scouring refuse is conveyed to seak tanks 
for the recovery of the grease. A considerable amount of calf hair is used 
in the manufacture of imitation sealskins, and this, as it conies from the 
tanneries, contains lime which has been used in the dehairing process, so 
that although the dry hair is first carefully “ willeyed ” or shaken up to 
remove the dust, the refuse liquids from the scouring of these goods 


Table LIII. 

SLUDGES FROM MILL IN HUDDERSFIELD TRADE. 
{ReHalts expressed in parts per cent . ) 



Moist Sludge. 

* Dry Solids. 

Sample 0 

Moisture. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Organic 

and 

Volatile 

Matter. 

Ash. 

Nitrogen 

(Kjeb 

dahl). 

Fat. 

Magma 

67*91 

39*43 

2*66 

93*69 

6*31 

• 

1*66 

76*69 

Pressed cake 

21*98 

67*05 

10*97 

85*94 

14*06 

4*55 

32*39 


* The figures are calculated from an analysis of the Tiioist sludge. 


necessarily contain a certain proportion of lime, which by neutralising the 
acid increases the cost of recovering the grease in the soak plant. The 
amount of grease to be recovered is also small in comparison with that at 
most woollen mills, as the goods are largely scoured with urine and soda 
ash instead of soap. 

The seak tanks, which are constructed of wood, are two in number, 
each a little over 6000 gallons capacity. They are fitted with air pipes 
through which air is blown by an injector in order to mix thoroughly the 
contents of the tanks. 

Four magma filters are provided to receive the greasy sludge from the 
seak tanks. They vary in size, but have a total area of 44 square yards. 
These filters are composed of engine ashes about 2 feet in depth, covered 
with a layer of spent logwoc^ from the dye vat, which is renewed each 
time the magma is removed. 

The magma which has been run on to the magma filters is allowed to 
drain there for two or three days until most of the acid water has been 
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got rid of. It is tlien removed in the ordinary way, shovelling, and 
made into “puddings,” enclosed in sacking and weighing about 14 lbs. 
each. These are put into steam-heated presses worked by hand, and the 
expressed oil and water are conveyed to a tank, where the oil rises to the 
top and can be skimmed off, while the watery liipiid is discharged to the 
purification works. The oil is purified in another tank by the addition of 
a further quantity of acid and by being agitated by live steam, and here 
also, after settling, the watery contents are run ott' from the bottom of the 
tank to the purification works, while the oil is retained and re-used in the 
man u fac turi ng processes. 

Tlie magma cake from the oil presses amounts to 7 or S ewts. per week, 
and is sold for 6s. per ton. 

Tlie gn^ase in the seak tanks is separated as usual with vitriol, and the 
acid tank efiluent and the acid water separated fi'om the gniase, as well as 
the licpiid draining from the magma filters, are ])assed on to the purification 
works jiroper, along with the remaining refuse from the mill. This 
consists of the final washings of the pieces and yarn and the dyewaters 
when dyeing is being done. 

The further purification works consist of settling tanks and filters. 
The tanks are two in number, each 38 feet by 27 feed by 5 feet deep, 
and together have a capacity of 64,000 gallons. In each tank the refuse 
is receiv('d in a wooden trough which runs the whole length of the top 
wall of the tank. Each tank is subdivided by a (;ross wall through which 
the liipiid passes by s(5ven o})cnings at a depth of 4 feet from the surface 
of the li(piid, and has a wooden trough along the whole length of the end 
wall for receiving the tank overflow and d(4ivering it into the outfall 
channel. 

Jiy these means the Ihpiid is delivered into the tank over a sill 
extending the whole width of the tank, its direct flow is battlod at the 
centre of the tank and directed downward, and the tank effluent is 
collected over a similar sill. The velocity of tin; current through the 
tank is thus equalised over the whole width and reduced to a minimum. 
By directing the liquid underneath the mid- wall the tank (;on tents arc 
more thoroughly mixed, and any floating matter is retained, and in addition 
a scumboard fixed before the collecting trough keiqis back floating leaves 
and any further scum formed in the second compartment. 

The two tanks can be used either separately or in series, and either of 
them can be put out of use for cleansing. They are provided with floating 
arm outlets by means of which the liepdd part of the contents can be 
discharged while the sludge is retained. The bottom of each tank is 
dished to a sludge outlet. Tn ordinary working the tanks are used in 
series and the refuse is continuously flowing thro ugh them. When one 
tank is being cleansed the top water is run off down to the sludge and the 
sludge swept out, and meanwhile the other tank is used. 

For the tank effluent two filter beds have been provided, each having 




Fig. 33. — Purification Works at Hopton Mills, Mirfield. 
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an area of* 85 square yards. The filtering material is engine ciinker 2 feet 
6 inches in depth, mostly consisting of pieces between 2 inches and half an 
inch in diameter, but with a fine layer on the surface of pieces varying 
from a quarter to one-eighth of an inch. Two sludge filters have also 
been provided, each about 37 square yards in area and constructed like 
the top-water filters. The effluents from both sets of filters arc^ discharged 
to the stream. 

The works are intended for the use of a chemical precipitant if that 
should be necessary, but so far no precipitant has been found necessary, 
the acid discharges from the seak plant being neutralised by the alkaline 
washing-off waters, and the mixture of the two liquids bringing about a 
precipitation. 

The daily amount of refuse is estimated approximately at 15,000 
gallons, and of this amount about a quarter is passed through tin; seak 
plant, but the works arc capable of dealing with larger quantities. 

Over a given period Mr Wheatley took very careful observations of the 
amount of work done, the cost of treatment in the soak plant, and the 
value of the oil recovered, and finds that, in a fortnight when some 120 
pieces of sealskins and 35 pieces of woollen and union goods were dealt 
with, the results for the grease -recovery part of the process were as 
follows : — 


Vitriol, 23^ cwts., at £1, 17s. fid. a ton 

£2 

4 

0 

Wages 

1 

10 

0 

I)cj)rcciation^ steam, and interest on 




capital expended in seak and grease- 




recovery plant 

1 

14 

0 

• 

£5 

8 

0 

Against this were : 




Ifi cwts. of oil, at 9s. per cwt. . 

£7 

4 

0 

Magma cake, 15 cwts., at 6s. per ton 

0 

4 

fi 


— 

8 

6 

Balance 

£2 

0 

6 


At this rate of working this part of the plant would yield a profit of 
£50 per annum after all expenses have been paid. 

The total cost of the plant was £953, including £73 for the seak tanks 
and magma filters, £80 for the oil-pressing plant, and £800 for the purifica- 
tion works proper, without making any allowance for the value of the site. 
The labour required in attention to the latter ^orks amounts only to 
28. fid. per week, or £6, 10s. per annum, and the interest and deprecia- 
tion may be taken to be £80 per annum (in addition to the allowances 
for the grease-recovery plant). So that at the above rate of working 
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the actual net cost per annum is £36, 10s. Under present conditions 
this amounts to nearly 2d. per 1000 jjjallons, but it must be borne in 
mind that the plant is designed to deal with twice the present average 
volume of refuse. 

Fig. 32 shows a ground-plan of the works, which has been kindly 
furnished by Mr Kirk, and a photograph is given in Fig. 33. Sainples 
have from time to time been taken of the various lirpiids befon* and after 
purification, and the analyses are given in Tables LIV. and LV. 

ft should be mentioned that the effluents are discharged into a very 
small stream. It is clean but ochrey above the mill, and was formerly 
always grossly polluted by the mill refuse, but now shows no apparent 
pollution aft(‘r n'ceiving the effluents. 

Taiu.k bV. 

SLUDGES TAKEN AT IJOUTON MILLS (IIENKY WHEATLEY k SONS). 

{Rt^snJfs expressed hi ‘purls per cenl.) 


Moist Sludge. i * Dry Solids. 


8iunj>h‘ dl' 


Organic 


Organic 


t 

Nitrogen, Fat after 


Moisture, 

Volatile 

Ash. 

Volatile 

Ash. 

(Kjel- 

Acidifi- 

. 


Matter. 


Matter. 


(laid). 

cation. 

Air dfied sludg** fi'(»ni 








sludge filters . 

• 47-29 

30-82 

; j 

21*89 

i 

68*47 

41*63 

3*70 

22*72 

Magma as put into 


i 

1 . 1 
1 

1 

1 




“puddings” . 

48*76 

48*86 

i 2*38 

96*34 

4*66 

0*41 

85*84 

Pivssed magma cake . 

30*00 

61*5*2 

8-48 

87-88 

1 

12*12 

1 

1 

5-61 

40*25 


* The figures are calculated from an analysis of the moist sludge. 


As has been explained, where w'orsted pieces arc scoured the amount 
of grease present is comparatively small, and many manufacturers do not 
make any attempt to recover it. In such cases the purification of the 
waste waters is usually effected by precipitating the greasy matters and 
other impurities by means of lime and alumino-forric or similar pnjcipitants, 
and by afterwards settling out the solids in tanks and filtering the tank 
effluent. 

Flannel Manufacture. — A similar course is usually adopted at mills 
wfflerc light flannel goods are made. The following is a description of 
purification works on this principle at a mill employed in the manufacture 
of flannels. 

The polluting processes in connection with the manufacture are three 
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in number — wool washing, wool (and cotton) dyeing, and piece* -couring, 
but it is from tjie pioco scouring that the bulk of the polluting liquids is 
discharged. 

The wool washing is scarcely comparable to that in other branches of 
the wool trade, for only wool which has been previously w'ashed is used, 
and the cleansing ])rocess it undergoes is a second washing to enable it to 
take dyes readily. It loses, on an average, 16 per cent, of its weight in 
the washing. The w’ool is plac(‘d in a pcu’forated metal casing, which is 
immersed in a small tank filled with hot soapy or alkaline li(juid, and after 
being thoroughly soaked it is rinsed twice or thrice in clean water. The 
liquid in the tank is used over and over again, being strengthened from 
time to time W'ith fresh alkali or soap, and is only discharged at long 
inttirvals of a month or two. It thus becomes highly polluting, but is 
only small in volume. The water in which the wool is rinsed is only 
slightly polluting, the final washings being nearly pure water. 

The dyeing is done “in the wool,” and aniline colours, logwood (with 
chrome mordant) and indigo (in woad vats) are all used, but the indigo 
dyeing is usually done on other premises by “ country ” dyers, iiie loose 
wool is immersed in a vat or dye pan of the hot dye licpiid and allowed 
to soak for some time. It is then usually withdrawn from the dye vat 
and placed in another tank hik'd with clear cold water, in order to cool the 
material and to wash oft’ excess dye. The dye pans are sonu'times emptied 
after each operation, but frequently, and es])ecially when aniline colours 
are used, are only partially run off’ and ftlled up again with fresh dye 
w'ater. In the indigo vats the woad method of dyeing is generally used, 
and the vats are only discharged at long intervals. The dyewaters, 
especially those containing logwood or indigo, are very polluting, but the 
washing-ott' w^aters are frequently only slightly ft)uled. 

After tin; goods arc manufactured they are milli'd and scoured. Milling, 
as has been stated, is a felting process by which the interstices betw een 
the fibres of the cloth are closed up and the goods arc made soft and fleecy, 
shrinking greatly in the operation. It is done either by beating the pieces 
in stocks or by passing them repeatedly through a milling machine, soapy 
liquid being added in either case to moisten them. The amount of liquid 
used in this process is small, and usually all absorbed by the goods. After 
being milled the pieces are scoured in a washing machine with a consider- 
able quantity of hot soapy w^ater, with which soda ash, or carbonate of 
soda, is generally mixed. When the washing machine containing the goods 
has been run for some time with this soapy liquid, the liquid is discharged 
and the pieces are washed off in the same machine in several quantities of 
clean water until all the soap has been washed out. The scouring licjuid 
when discharged is thick and almost jelly-like on cooling, and very highly 
polluting, the first washi»g-off w^ater is little better, but the final washings 
consist of almost clean w^ater. 

All the waste waters, amounting to 7500 gallons per day, are discharged 
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to a siinpp, from which they are pumped to the purification works. This 
sump has a capacity of some 1300 gallons, so that it allows of a consider- 
able mixture of the different kinds of refuse, and this is certainly an 
advantage in the treatment. From the sump the liquids are pumped 



a height of 10 feet to a settling tank of 9000 gallons capacity, passing 
into it through a channel 10 feet long, fitted with bafflers, where the 
precipitants are added. This tank is fitted at the end with a perforated 
zinc Bcurnboard, and discharges into a second exactly similar tank, the 
outlet pipe from which delivers on to an ash filter of 40 yards area by 
an open wooden channel fitted with bafflers. Each tank is fitted with a 
floating arm outlet which also delivers on to the filter, and with a sludge 
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in number — wool washing, wool (and cotton) dyeing, and piece* -couring, 
but it is from tjie pioco scouring that the bulk of the polluting liquids is 
discharged. 

The wool washing is scarcely comparable to that in other branches of 
the wool trade, for only wool which has been previously w'ashed is used, 
and the cleansing ])rocess it undergoes is a second washing to enable it to 
take dyes readily. It loses, on an average, 16 per cent, of its weight in 
the washing. The w’ool is plac(‘d in a pcu’forated metal casing, which is 
immersed in a small tank filled with hot soapy or alkaline li(juid, and after 
being thoroughly soaked it is rinsed twice or thrice in clean water. The 
liquid in the tank is used over and over again, being strengthened from 
time to time W'ith fresh alkali or soap, and is only discharged at long 
inttirvals of a month or two. It thus becomes highly polluting, but is 
only small in volume. The water in which the wool is rinsed is only 
slightly polluting, the final washings being nearly pure water. 

The dyeing is done “in the wool,” and aniline colours, logwood (with 
chrome mordant) and indigo (in woad vats) are all used, but the indigo 
dyeing is usually done on other premises by “ country ” dyers, iiie loose 
wool is immersed in a vat or dye pan of the hot dye licpiid and allowed 
to soak for some time. It is then usually withdrawn from the dye vat 
and placed in another tank hik'd with clear cold water, in order to cool the 
material and to wash oft’ excess dye. The dye pans are sonu'times emptied 
after each operation, but frequently, and es])ecially when aniline colours 
are used, are only partially run off’ and ftlled up again with fresh dye 
w'ater. In the indigo vats the woad method of dyeing is generally used, 
and the vats are only discharged at long intervals. The dyewaters, 
especially those containing logwood or indigo, are very polluting, but the 
washing-ott' w^aters are frequently only slightly ft)uled. 

After tin; goods arc manufactured they are milli'd and scoured. Milling, 
as has been stated, is a felting process by which the interstices betw een 
the fibres of the cloth are closed up and the goods arc made soft and fleecy, 
shrinking greatly in the operation. It is done either by beating the pieces 
in stocks or by passing them repeatedly through a milling machine, soapy 
liquid being added in either case to moisten them. The amount of liquid 
used in this process is small, and usually all absorbed by the goods. After 
being milled the pieces are scoured in a washing machine with a consider- 
able quantity of hot soapy w^ater, with which soda ash, or carbonate of 
soda, is generally mixed. When the washing machine containing the goods 
has been run for some time with this soapy liquid, the liquid is discharged 
and the pieces are washed off in the same machine in several quantities of 
clean water until all the soap has been washed out. The scouring licjuid 
when discharged is thick and almost jelly-like on cooling, and very highly 
polluting, the first washi»g-off w^ater is little better, but the final washings 
consist of almost clean w^ater. 

All the waste waters, amounting to 7500 gallons per day, are discharged 
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These purification works were constructed under the advice and super- 
vision of i\Ir R. W. Oddy, of Rochdale, who hius constructeii a large number 
of similar works in the West Ri.ling .and in Liincashire. They cost in all 
£•25-2, iiKthidim; the drains, pump well, pump, etc., and Mr Oddy considers 
the plant ca|«ii.le of dealing thoroughly with 9000 gallons a day. 

'I’aking the interest and depreciation at £25 per annum, the habour at 
£1, the cost of preeipitants at iil-'l, and the cost of steam at £5, the 
annual cost of treatment amounts to £50, or 5-3 pence per 1000 gallons 


Table LVI. 


HKFUSK FROM FLANNEL MANUFACTURE. 
{Resalfs expressed ni parts per W0,00(K) 


Nfituro of Liquid. 


Total 

Solids. 


Solids ill 

SUH|KMlsioll 

(dfiofl at 

100“ C.). 


Solids ill 
Solution 
(dried at 

100“ C.). 


Total. Ash. ! Total. Ash. 


River watei- used 
Well watiM iihed . 
Wool-w.ishiii}; li(|uid 
First wool riiisiii,!; 
Second ,, ,, 

Cotton dye wattir 
,, ,, wasliin^^-oll 

Cliromf li»iuor . 

,, wa'iliiii}:^ oir 

Lo/^wood liquor . 

„ waslmig-olf . 
First wash, iiiecc 

scouring; . 

Second , , , , 

Third 

Mixed crude waste 
Mixed tank ellliiciit . 
Mixed linal ellluent . 


14'4 

23'4 


2604 -0 

883-2 ' 

54-1 1 

29 -6 

5-2 ■ 

0 2 

19-2 

3-0 
t race 

0-1 

80 0 

' 


160 0 

67-0 

2-0 

45 0 

4 0 


100 0 

13-0 , 

1 0 

, 35-0 

1 1 

4 0 ; 

1 

1-0 

: 786-6 

506-0 ! 

17-0 

i 156-G 

I 94-4’ 

8-4 

1 133 0 

1 77 Oi 

12-0 

! 293-6 

196-6 [ 

23-6 

1 98-2 

8-8 

6-0 

94-6 

3-0 , 

i 

1-7 


14*4 
23-4 
■ 20*8 
24 ‘4 
16*2 
471-0 
80-0 
93-0 
41*0 
87-0 
31 0 

280-6 

61-6 

f.6-0 

97-0 

89-4 

91-6 


9-6 
21 -h 
12-26-1 
18-8 
11-4 
432 0 
71-0 

7r) 0 
32-0 
98-0 
23-0 

1118 
: 41-6 
' 36-0 
; 60-0 
' 83-4 
83 0 


Nitrogen. 


I 


0-005 I 
0-023 I 
9-89 ^ 
0-11 
0-051 
0-49 
0-005 
0-30 
0-62 
0-14 

0- 07 

11-4 

1- 53 

0- 094 

2 - 10 

1- 15 
1-00 


■027 
•002 I 

T16 

066 1 


1-20 

0-13 

0*096 


o;> 


0-11 

24-83 

0-65 

0-23 

2-.^0 

0 53 

1 70 

0- 39 

1- 36 


8-03 

2-06 

1-17 

4-06 

0-43 

0-37 


s 


5 S 


” - &0O 

O 03 


0-15 

0-006 

62-23 

0-72 

0- 50 
18-80 

1- 77 
5-20 

0- 94 
27-90 

1- 93 

44-40 

9-20 

5-48 

15-30 

0-88 

0-74 


treated. The comparatively largo cost per volume treated is due to the 
relatively large cost of works dealing with small volumes of refuse. In 
this case, for example, the interest and depreciation on tlie plant account 
for 2 0 nenoe, or half the total cost per 1000 gallons. Moreover, in a small 
mill such as this it would not pay to put in a grease-roeovery plant, the 
return from which in a larger mill would at least pay for the cost of 
preeipitants. In some otlicr flannel mills, the manufacturers recover the 
grease and find it profitable to do so, and even when the grease recovery 
yields no direct profit, it may do so indirectly, inasmuch as the acid 
effluent produced may servo to neutralise and -precipitate the rest of the 
mill refuse (see p. 186). Analyses of samples of the waste waters and of 
the final effluent are given in Table LVI. 
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Blanket Scouring. — The scouring of blankets may be considered to 
come midway betwc^cii wool washing and piece scouring, inasmuch as the 
raw wool is often carded, spun, and woven before it undergoes any cleansing 
process, and the refuse discharged thus contains the organic matters of 
wool- washing suds, as well as the oil and the soap or other detergent of 
piece-^scouring suds. 

In blanket scouring two methods arc employed. In the first tlie goods, 
as they come from the looms with their natural impurities and the oil 
added in carding, are scoured with soap and soda like ordinary piece goods 
and afterwards milled in a soap solution, which has then to be washed out 
with considerable volumes of clean water. This is the method adopted at 
the I'eel House Mill of R. T. Riley ik Son. 

At this mill there is also a carbonising process, in which, as has 
already been described (see ]). 170), vegetable matters are removed from 
the wool by an acid treatment, and the acid is afterwards washed out or 
neutralised with soda. The thicker scouring suds are j)umped to two seak 
taidts, where the grease is recovered. The washing-off waters after scouring 
and milling are all drained to a separate pump well, from which they are 
raised to a settling tank, receiving on the way a dose of sulphuric acid to 
ensure the se])ai’ation of the grease. The acid effluent from the seak tanks 
is also conveyed to this s(5ttling tank, where a large amount of grease 
separates and is dealt with like the magma from the soak tanks. The 
tank effluent overflows on to two shallow filters, which are, however, 
used more as settling tanks than as filters, and from these a further 
amount of grc'ase is obtained. The effluent from these filters is passed 
through further filters, of which there are four in two scries. The filters 
are composed of broken stone upon a foundation of stone pitching, and 
covered with a 3-inch layer of ashes from the mill furnaces. 

The cost of the works, which are not very »iubstantially built, was 
£260, not including the cost of pumps and magma press. This at 10 per 
cent, for interest and depreciation amounts to £26 per annurh. One man 
gives his whole time at £60 per annum, and p\imping and repairs are 
estimated at £15 per annum. Seventy tons of vitriol are used annually, 
but 25 tons of this are used in carlK)nising, leaving 45 tons at a cost of 
£90 per annum used directly for grease recovery. The total annual cost 
is therefore £191. The (piantity of oil recovered is 29 tons per annum, 
worth £232, and this is recovered from 14 tons of oil used in the carding 
and spinning, 12^ tons in the soap used, and some oil contained in the 
wool. In the magma presses 33 tons of cake are produced, worth £8, 5s. 
per annum. The whole process, therefore, is remunerative. 

Table LVIl. shows the nature of the refuse produced and the results 
of its treatment, and the purification works in use are shown in Fig. 36. 

In the second method«of blanket scouring, fuller’s earth is used as a 
detergent instead of soap. The goods from the loom are milled in fulling 
stocks with fuller’s earth and water and afterwards thoroughly scoured with 

13 




Fi( 3. 36. — Purification Works for Blanket-scouring Refuse. 
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Coarse fibres, weighing 33*67 parts per 100,000, were sieved out before analysis. 
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clean water in wasbini*; machines. This is the process adopted at Providence 
Mills, Earlsheaton, where Messrs W. (Ireenwood and Sohs carry on the 
business of rug and blanket manufacturers, and liquid refuse is produced in 
the processes of dyeing and scouring. Here Messrs (/. H. Marriott, Son 
Shaw, Clivil Engineers, Dewsbury, have constructed settling tanks and filters 
for the scouring refuse. The dyewaters are discharged into the sewtr. 

The raw materials used in the mill are wool and shoddy, and to these 
oil is added before they arc spun into yarn. After the goods have been 
woven they are scoured with fuller’s earth to remove dirt and grease. 
The dirty water from this scouring process amounts to 25,000 gallons a 
day, and as some of the wool used has not been previously scoured, but 
contains its natural grease and dirt, and as something like 2 tons of 
fuller’s earth are used every week, it can be readily understood that the 
crude refuse contains a large amount of polluting matter. 

A ground-plan of the purification works is given in Fig. 57. The refuse is 
discharged from the mill through a small screening chamber, where alumino- 
ferric is added as a precipitant, and runs by gravitation into six settling 
tanks arranged in a special manner. They are provided with a central 
distributing cluinnel from which the liquid can be led into any one of the 
six tanks. Each of the tanks is provided with an outlet into a drain 
which conveys the tank effluent to the filters. The inlets and outlets, as 
will be seen by referring to the block-plan, are so arranged that the refuse 
can be first turned into any one of the tanks and from it led through all 
the others successively. By this arrangement the refuse can be treated 
through the whole of the tanks, from number one to number six con- 
secutively, until number one recpiircs cleaning, when it can be put out of 
use without interfering with the remaining five ; and again when number 
one has been cleaned and brought into use number two can be put out 
of use and the refuse discharged through the remaining five in series, and 
so for the others. 

Each tank is 20 feet by 14 feet by 6 feet in depth, and holds 10,000 
gallons. There is a baffling wall across each, 5 feet from the inlet end, 
and at the bottom of this there are openings 12 inches high through 
which the li(piid is made to pass. To keep back floating grease, a scum- 
board is j)rovided 3^ feet from the outlet end, which dips into the liquid 
some 4 inches. A valve is provided at a depth of 3 feet from the surface 
of the liquid, and through this the top water is discharged when the tank 
is cleaned. A sludge valve is provided at tlie bottom, the floor being 
dished towards it to enable the tank to be readily cleaned. 

This arrangement of the tanks has several advantages. By always 
turning the refuse first into that tank which is next to be cleansed a 
stiffer sludge is obtained, and this is of special advantage in the case of 
a sludge containing much fuller’s earth and grease, as in such a case the 
sludge is invariably very retentive of water. The last tank in the series 
is always the cleanest and thus available for catching any suspended 
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matters which may have escaped from the others. In cleansing the tanks 
only one-sixth o^f the total amount of tank room need be out of use at one 
time. The repeated baffling walls and scumboards are also an advantage. 

One objection to these tanks is that the baffling walls reach down too 
near to the bottom of the tanks and the current is deflected so far down- 
wards that it appears to stir up and carry along with it some of the solids 
which have hpen deposited. 

For dealing witli the effluent from the scuttling tanks there are two 
filters each 30 feet by 15 feet and 4 feet in depth of material. They are 
filled with broken stone covered with screened clinker varying in size 
from 2-inch material at the bottom to J-inch at the top, and are under- 
drained with special tiles. The filter effluent is discharged into a large 

Table IMll. 

SAMPLES TAKEN AT PROVIDENCE MILLS, EARLSHEATON 
(W. GREENWOOD & SONS). 

{Reattlfs <'.r})ressed in parts }irr 100,000.) 


Average of Several 
Samples of 

Total 

Solids. 

Solids in 
Suspension 
(dried at 
100' C ). 

1 

1 Solids in 
Solution 
(diied at 
100 <!.). 

f^itrugen. 

> 1 i 

I III If 

Ovygen ab- 
sorbed from ^ 
SO 

permanganate 
in four hiuirb 
at 20-7 ' C. 

IlardnesB 

(in terms of CaCOs). 



Total. Ash. 

j Total. 

Ash 

1 p i'^l 

p-l 

Total. 

Total. Permt. 

Tempy 

Crude refuse . 

9()0-l 

8(127 4fi2-0 

1 

103-4 

70-4 

1-16' 4-90 

9-<)6 

1 

26-04 , 

2-09 

8G-1 j 49-7 

36-4 

Tank efHueiit 


13 1*2 

64-2 

&0-2 

070 0-12 

i 0-42 

1-27 ' 

1-18 

32-6 30-9 

1-7 

Final effluent . 

9V-3 

ri) 1-6 

0.'i-4 

75-1 

0-07 0-10 

U-32 

077 ’ 

0-74 

1 C-2-1 49-4 

12-7 


reservoir which receives also roof water and a little surface water from the 
adjoining field in time of rain. 

There are three sludge filters, each 20 feet by 17 feet, and constructed 
like the effluent filters, but with only 18 inches depth of medium. These 
are also under-drained to the reservoir. After the sludge has dried to some 
extent upon the sludge filters it is harrowed on to the adjoining field. 

As has been mentioned, it is characteristic of sludge containing fuller’s 
earth and grease to retain an excessive amount of moisture, and the 
arrangements for dealing with the sludge have here been found quite 
insufficient. In five weeks’ working it was found that nearly 60 cubic 
yards of wet sludge accumulated on the filters, and this only dried to a 
very slight extent after lying there for two weeks. Fortunately part of 
the field adjoining the settling tanks lies much lower, and the sludge is 
now run by gravitation into a corner of the field. 

In this case probably the best way of dealing with the sludge would 
be that described on p. 263, namely, to run it into trenches, which should 
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be coverQd up with soil as soon as possible. At another mill in Yorkshire 
where similar refuse is dealt with it has been found iieeessary to install 
sludge presses, the sludge cake from which is used for filling up hollows 
in the land and some of it for manure ; hut the pressing of the sludge 
costs about :2s. per ton of sludge cake produced. 

The results of tlui above treatment of the trade refuse have been very 
satisfactory. Analyses of the crude and treated refuse and the sludge 
produced will be found in Tables LVlIl. and Ll\. before tliese works 
were installed the water su])ply for the mill was, with the exception of a 
litth; roof and surface wat(;r during wet weather, taken from the town’s 
mains. For the last six months the effluent from the purification works 
has been pumped from the i*eservoir to he use<l, mixed with town’s water, 

Table LL\. 


SLUDGES TAKEN AT PROVIDENGE MILLS, EARLSllEATON 
(W. GREENWOOD A SONS). 

{Jt/'.Hiifts rx'pretisnJ ill parts [ter rent.) 


A verage of 'J'wo 
Samples (d 

Moist Sludge. 


Dry Solids.* 


Moisture. 
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Matter. 
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Ash. 

Nitrogen 
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Total 

Fatty 
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Sludge from sludge 







! 

filter . . . 

89*18 

3*95 

6*80 

30*54 

63*40 

1*03 

21*71 

Air-dried sludge 

6(5*20 

12*08 

1 21*05 

37 02 

02 38 

1*01 

18*32 


* The figures are calculated from an analysis of the moist sludge. 


both for the manufacturing processes and for the generation of steam. 
Messrs Greenwood liave found the effluent fairly satisfactory for dyeing, 
scouring, and boiler use, and have thus been enabled to reduce their bill 
for town’s water by some £120 per annum. 

The cost of the purification works was £800, including the cost of a 
pump for raising the effluent to the cistern which supplies the mill. The 
cost of labour, including general attention to the works and dealing with 
the sludge, is estimated at 15s. per week. The amount of alumino-ferric 
used as a precipitant is only small — a ton, which costs £2, 17s. 6d., 
lasting for eighteen weeks. 

The total cost therefore, per annum, is as follows : — 

Purification ( Depreciation and interest on 

works I capital (10 per cent, on £800) £80 0 0 

Labour and general attendance . . . . 39 0 0 

Precipitant . . . . • . 8 6 10 


Total 


£127 6 10 
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This would give a cost of just over 4d. per 1000 gallons treS^ed, but, 
as has been stated, this cost is nearly wiped out by the saving effected in 
the bill for town’s water. 

Summary. — On examining the methods for the jmrification of waste 
waters from tlie various branches of the textile trades, described in the 
preceding pages, it will be noticed that in many cases the purification 
process may be profitable, or at least that its cost may be to a great extent 
counterbalanced by the value of bye-products rcicovercd. 

At mills where the whole of the refuse consists of soapy waters the 
grease recovered will go far towards paying the whole cost, and in 
favourable circumstances will even yield a handsome profit (]). 179): at 
bleach crofts the worst of the refuse can be treated separately so as to 
give a return which will at least pay for that part of the purification 
process (p. 100) ; in wool suds it has been shown that large amounts of 
valuable substances are present, which can he recovered sit a cost which 
more than recoups tlic maTuifacturcr for the necessary operations, and 
which if run to waste enormously increase the cost and trouble of purifica- 
tion (pp. 114 and 117): and it has been pointed out that even in dealing 
with dyewaters the manufacturer may at least partially recoup himself for 
the expense of purification (p. 138). 

It is very often found that waste w%aters of very different kinds are 
discharged from the same premises, as, for instance, piece scouring and 
dyeing refuse from the premises of a woollen manufacturer, or bleaching 
and printing refuse from the jiremiscs of a calico printer ; or, again, that 
although the refuse may be from one trade jirocess, it may vary greatly in 
its polluting character, according to its immediate source, like the kior 
liquor compared to the other waste waters of a bleach croft ; and in some 
cases, for example where there is piece scouring, the treatment of one 
part of the discharge maybe profitable. In such* cases it will generally 
bo much more economical to deal separately with the licpiids more difficult or 
profitable to treat, and to purify the resulting effluents along with the rest 
of the refuse from the mill (see pp. 100 and 184). 

At the other extreme as regards impurity come the washing-off waters, 
which form the final discharge from practically every trade process, and it 
is often claimed that they are pure enough to be discharged to a stream 
without treatment. It must bo admitted that if carefully separated from 
other refuse they may be so, but there are many objections to their direct 
discharge. In the first place, the purer waters are discharged from the 
same machines and vats as the fouler liquids, and two sets of drains would 
be necessary if the former were to be discharged to the stream and the 
latter to purification works ; in the second place, the necessary attention 
to the valves for turning the liquids in the one direction or the other 
cannot or wdll not be gi\%n by the man in cliarge of the machines or 
vats ; and, in the third place, the fouler liquids are usually more difficult 
to purify efficiently without dilution by the less polluted. It will often, 
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however, advantaj^eous for a manufacturer to catcdi his cleaner waste 
waters by a sc^parate system of drains, either for direct re-use, or for 
separate purification so that they may be re-used ; but if this is not done, 
it is generally preferable, from tlm point of view both of the manufacturer 
and the RivOrs Authority, first to recover any valuable bye-products and 
to treat in a preliminary way any refuse which may be specially intract- 
able, and then to mix the effluent from this process with the rest of the 
waste waters, including washing-ott‘ waters, for treatment in one set of 
purification works. 

From the foregoing descriptions of works and a study of the special 
apparatus described in Chapter XL, a suitable method of dealing with the 
waste waters produced in any branch of the textile trades can be easily 
selected. Where fibrous matter is present in the ri'fuse it is always 
better to remove it by screening before attempting further ]>urification, for 
when thus recovered it generally more than jiays for the cost of recovery, 
whereas if allowed to remain it greatly increases the volume of sludge, or 
it passes on to choke filters. In dealing with sucii varying li(piids it is 
advisable that an averaging tank should be provid(‘d, where all the various 
discharges bcconui thoroughly mingled, or, wliere it is necessary to pump, 
a large sump serves the same purpose. This mixture often has the effect 
of producing a precipitation of the solids, and even where this is not the 
case it renders more regular and certain the action of any chemical pre- 
cipitant which may be added (pp. 140 and 153). Settling tanks are almost 
always necessary, and their form and arrangement must be determined 
after consideration the available site and its sur?‘oundings, and especially 
after deciding whether it is necessary or advantageous to resort to 
pumping. The use and choice of a precipitant should in all cases be 
settled only after careful tests, and the method of its a})plication recpiires 
equal care. For determining tlic subsetpient treatment of the refuse, the 
first consideration, as has already been suggested, is the presence or 
absence of organic matters derived from tlie raw materials, or in some 
few cases from the substances used in the processes of manufacture : when 
these are present some biological method may have to be adf)pted as the 
final part of the treatment, such as lias been recommended in the case 
of wool-washing and silk-boiling refuse: when tliey^ are absent, as, for 
example, in the waste waters from a dyehouse, a simple straining of the 
tank effluent is likely to suffice. 
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MISCELLANEOUS TRADES. 

Galvanising, tinplating, and wiredrawing — The moist eo])]jer ])rocess — Drainage from 
shale heaps— Manufacture of co})pcrasand alum — Alkali manufacture — Soap making 
— Grease extraction— (Jrease distillation — Oil in condensing water — Tar distillation — 
Mineral-oil refining — Tar sj»raying of roads — Glue, size, and gelatine manufacture — 
Slaughtering of animals, l>one boiling, tripe dressing, trotter boiling, tallow and 
dripping ])reparation— Dairy and creamery refuse — Laundries — Sliee]) washing — 
Sheep di]>])ing — Stone sawing— Sand washing— Ore washing— China-clay washing 
and grading — Gee’s centrifugal machine— Mineral- water manufactuie, clay mixing, 
Hint grinding, iile scouring, and cutlery grinding — Vai iiish and paint manufacture— 
Ihict-sugar manufacture, sugar refining, and starch manufacture — Working of salt 
deposits — (Conclusion— Bibliography. 

Galvanising. — The object of galvanising is to coat the surface of iron with 
a thin layer of zinc, which protects the metal underneath fiorn oxidation. 
The iron is sometimes first annealed to render it soft, and is then pickled in 
hydrocliloric or sulphuric acid to dissolve or loosen the scale of oxide which 
rapidly forms on anj exposed iron, so as to leave a clean surface to receive 
the coating of zinc. The acid employed in the process is usually diluted 
with water till it has a strength of 12 to 15 per cent., although lower 
and higher strengths are used, and when it will no longer “bite” — that is, 
when it will not act quiekly enough upon the oxide of iron — it is discharged 
as “waste pickle.” The acid is generally used cold, although its effect 
would be greater if it w^ere warm. The pickled iron is thoroughly washed 
and sometimes rubbed with sand and then dipped into a bath of molten 
zinc, to which some flux, such as ammonium chloride, is added. 

It will thus he seen that the sources from which waste liquids arise 
are the pickling and the washing processes. The waste pickle from the 
pickle tank (see Table LX.) is a muddy liquid containing largo amounts of 
oxide of iron in suspension, and in solution large amounts either of chloride 
or sulphate of iron, and sometimes as much as 5 per cent, of free acid. 
The wash waters are of a similar nature, but more dilute. 

These liquids, if discharged to a stream, cause, like the ochre waters 
mentioned in Chapter IT., a reddish-brown deposit in the bed of the 
stream, and, largely owing to their acidity, render the water incapable of 
supporting animal and vegetable life, or of being iihed for industrial purposes. 
The injury that has been caused through such liquids being discharged 
into streams has been very serious, and is graphically described by the 
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1868 Commission in their Fifth Report (p. 34) in regard to the dvers of 
South Wales, and this state of matters remains still to a great extent 
unaltered, in spile of the fact, pointed out by tfie Commissioners, ihat the 
pollution is quite preventible. 

In the first place, much acid is wasted either by discharging the 
contents of the pickle tanks too early or by using the acid cold, and the 
quantity of wi^shing water can be much reduced by using a tank of water 
into whicli to dip the goods when they are removed from the pickle tank. 
This water, when charged with acid, may be used to dilute the acid in the 
pickle tank wlien that is made up afresh. By attention to these matters 
the quantity of waste li(]uids can bo greatly reduced. In the second 
place, the acid which escapes in the waste pickle can be recovered and 
re-used, and the iron it contains can be separated from the sulphuric acid 
pickle in the form of copperas or ferrous sulphate, and from the hydro- 
chloric acid pickle as oxide of iron, both of which have a commercial value. 

In ord('r to retjover co}»peras, the spent sulphuric acid pickle is run 
into a lead-lined tank containing scrap iron to neutralise the excess of 
acid, and is there evaporated by means of steam coils ; and the concentrated 
licpiid after settlement is run into other lead-lined tanks, where, on cooling, 
copperas crystallises out. If scrap iron is not used to neutralise the acid, 
the latter becomes (joncentrated during the evaporation, and in that case 
the mother licpior, after the removal of the copperas, can be returned to 
the pickle tank. 

For the utilisation of waste; pickle containing hydrochloric acid. 
Professor Turner has patented a process (No. 16,166, 1888) in which the 
sp(‘nt pickle is heated in a reverberatory furnace, with the result that 
hydrochloric acid is liberated and oxide of iron is left behind. The liber- 
ated acid is condensed and re-used, whilst the oxide of iron is sold to be 
made into paint. This process has been adoj)ted at the works of Messrs 
Walker Bros., Walsall, who purchased the patent rights, and is said to 
produce a profit. 

Another method of utilising waste pickle is as a precipitant in the 
clarification of sewage or other waste liquids, and in some cases the waste 
pickle is carted to the sewage works for this purpose, (lenerally, how- 
ever, it is preferable to admit the refuse gradually into the sewers, and to 
add lime at the sewage works to neutralise the acidity and to precipitate 
hydrate of iron, which then carries down organic matters from the sewage. 

If one of the above processes is not adopted, and it is necessary 
to render this kind of waste fit to discharge to a stream, a sufficient 
quantity of lime must be added to neutralise the acidity, together with a 
further quantity sufficient to precipitate the iron present in the solution, 
and settling tanks must be provided for the deposition of the sludge thus 
produced. With a sulphwic acid pickle the deposit consists of oxide of 
iron mixed with sulphate of calcium, and has little or no value, whereas 
the deposit from a hydrochloric acid pickle consists almost entirely of 
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oxide of iron, which can be made into paint. As the sludge produced is 
large in (piantity in comparison with the amount of refuse, the settling 
tanks should he of considerable size, at least capable of holding two days’ 
flow, and subdivided to allow of frequent and regular cleaning, and for the 
same reason a large area of sludge filters is necessary. 

Even if the discharge of waste [)ickle is prevented, as previously 
suggested, the washing waters cannot be considered fit to be dischargcid 
to a stream, and may have to be purified by lime precipitation in the 
manner just describt‘d, but as they contain coiiq)aratively little acid and 
iron their purifi(;ation is much easier and less expensive. 

After treatment of this kind the tank eflluent will be an exceedingly 
hard licpiid, and in some cases it may have to be softened to prevent 
injury to users of the stream lower down. 

Tinplating. — In the manufacture of tinplate* the processes are* essentially 
the same as the)se ele^se’.ribcel under galvanising, exce])t that a bath of 
ine)Iten tin is nscid instead e)f zinc. In galvanising, hydrochleu’ic acid is 
more often e'mployed as the })ieklo, whereas in tinplating the use of 
sulphuric acid is meu’e, common, althe)Ugh e*ither may be us(*d. The w^aste 
liepiids can be* dealt with as ele*scribe*d above. 

Wiredrawing. — In wirenlrawing, the iron or steel re)ds as they come 
from the rolling mills are renluced in diameter by drawung them through 
successively finer holes in ste‘ed blocks. lleTeu'e being drawn, howove5r, the 
coils of wire are; cleansed by being dipped into a pickle of hydrochbric 
or sul])huric acid, exactly as in galvanising, en*, in the e;ase of very fine wire, 
into stale b(*er, whiedi acts as a pickle eni aeicount of the organic acids it 
contains. On being rcmeeveel from the pie*kle the coils are rinsed with 
water and dipped into a tank e*ontaining milk of lime to remove the last 
traces of acid and to check oxidation. 

It will tluis be seen, that in wuredrawing, besides similar discharges to 
those produced in the openitions of galvanising and tinj)lating, there is an 
escape of milk of lime from the coils of wire as they are removed from the 
liming tank. 

In the treatment of the refuse from wiredrawing care should bo taken 
to deal with the spent pickle separately by one of the methods suggested 
above, when the waishings of the pickled wire and the discharges from 
the liming operation can be passed together into settling tanks, where the 
lime will precipitate any iron in solution. 

Where stale beer is used for pickling, the spent pickle is of a grossly 
polluting character. If, as is usual, it forms only a small proportion of 
the refuse discharged, it may be mixed with the rest and treated in the 
same way. If, on the contrary, it is present in considerable proportion, 
this treatment will not bo sufficient, and recourse must be had to some 
biological method of purification, such as has Jilrcady been suggested for 
the treatment of brewery refuse (see p. 63). Analyses of the various 
discharges from wiredrawing are given in Table LX. 
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The Moist Copper Process. —There is another source from whf h waste 
iron liquids are^ discharjjjcid. [n the production of copper from copper 
pyrites, by what -is known as the moist process, the copper ore Is roasted 
for the recovery of the sulphur, and is then again roasted with common 
salt to bring the copper into the form of a chloride. This, with any 
sulphate present, is dissolved out in water, and the copj)er displaced from 
solution by ineans of scrap iron, and when this displacennait is complete 
the iron li(|uor is discharged as refuse. Such a licpior contains large 
amounts of iron in solution, in one case 300 parts per 100,000 were found, 
but differs from the other waste iron liquids described in that it contains 


TAHIilS LX. 

REFUSE FROM WIREDRAWING WORKS. 
{li/’sidfs expressed in pads 2>fr 100,000.) 


Nature of Saniple. 

Total. 

Solids. 

Solids in 
Suspension 
(dried at 
10(1' 0.). 

Solids in Solu- 
tion (dried at 
100" 0.). 

Oxygen ah- 
borbed from 

^ perm an- 
80 

Ranate in 

ilinity (in 
s of CaO). 

i 

.So 

wjU 

Iron. 



Total. 

Ash. 

Total. 

Ash. 

four hours 
at 26-7‘ C. 

Aik 

tern 

js o 
'o 
< 

Total. 

In Sol- 
ution. 

Waste pickle 

UK)58-0 

18*0 

12-4 

15)040-0 6420-0 

5)99-0 


551-1 

7000-0 

7000-0 

Waste pickle .after 
settleiueiit 

7.''>2-2 

18*2 

14-0 

734-0 486-0 

17-4 



118-2 


Do. . . 


1-2 

1-2 

667-0 4.54-0 

9-3 


4.5-2 

168-8 


Sediment in waste 
pickle 

mu 0 

lbl6-() 

1250 U 

19-20-0 1210-0 

203-0 ‘ 



1628-8 

640-4 

Brewery refuse after 
use at wire works . 

142l()-0 

1118-0 

3.58-8 

i 

ISWH-O I OSOO'O 

936-0 


'1080-0 

4089-4 

3955-0 

j Final washings of wire 

91M) 

31-0 

20-5 

60*0 

67-0 

0-6 

! • 

19-0 


8-7 



* Acidity expressed in terms of lactic acid. 


no free acid. The iron can be removed by precipitation with lime in the 
same way as has been proposed for dealing with the refuse from galvanising. 

Drainage from Shale Heaps — Copperas Manufacture . — In the direct 
manufacture of copperas, a process is employed very similar to that 
suggested above for dealing with spent sulphuric acid pickle. The 
copperas is made by dissolving scrap iron, and especially the waste wire 
from wire works, in strong sulphuric acid, and afterwards evaporating the 
solution for the recovery of the crystals of sulphate of iron. From this 
process there should be no liquid refuse except, it may be, from washing 
floors and vats. Another process, described in the Third Report of the 
Rivers Pollution Commission, 1865, vol. 2, Q. 1926, is still in use, and may 
cause great pollution of streams. Shale containing large quantities of 
pyrites is piled in a heap,*sometimes half an acre or more in extent, and 
5 or 6 feet in depth, and exposed to the air and the rain. Ferrous 
sulphate and sulphuric acid are produced from the pyrites by oxidation, as 
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has already been explained in describing the production of ochre water in 
a mine (see p. 9), and arc dissolved out by the rain, o^ in dry weather 
by sprinkling the heap with water. 1'he li(jiiid8 drainiiig from the heap 
are caught in a well and pumped back to percolate again through the 
shale until by this circulation they become sufficnently saturated with the 
ferrous sulphate. The strong acid solution is then treated with scrap iron 
to neutralise the excess of acid and evaporated in lead-linetf pans for the 
recovery of the copperas. So long, therefore, as the process is in complete 
operation there should be no liquid refuse discharged ; but the heap of 
shale in cours(i of time becomes more or less exhausted of its sulphur, 
when the licjuid draining from it is so weak that its evaporation is not 
profitable and the shale is abandoned as useless. The oxidation of the 
pyrites still continues, and the water draining from such a heap in wet 
weather, although not containing so much ferrous sulphate as to pay for 
cvaj)oration, will for many years continue to be of a very polluting 
character. In one case, where such a heap had been left derelict for 
over five years, samples of the water draining from it were found to 
contain 4 per cent, of iron and 2 per cent, of free sulphuric acid. 

A/n//i Mannfuctmr. - A somewhat similar acid discharge is produced in 
works where alum is manufactured from shale. In this process the shale 
is boiled with sulphuric acid, and the acid liquor, with or without the 
addition of the salt of an alkali, is evaporated down until the alum salt 
crystallises out. The spent shale which has been thus treated is usually 
thrown on a waste heap exposed to the weather, and the rain washes out 
from it considerable quantities of acid. In one such case the water 
draining from a heap of spent' shale contained 845 parts per 100,000 of 
free sulphuric acid. 

Only one method can be suggested for dealing with waste acid liquids 
such as the above. They should be drained into a tank and neutralised 
with lime, and unfortunately these spent shale heaps continue to yield 
acid discharges for a long time, so that the treatment becomes somewhat 
expensive. If a spent heap contains enough carbonaceous matter to make 
it combustible, it may be disposed of as fuel. 

Alkali Manufacture. —A somewhat similar source of pollution, but one 
which gives rise to a much more objectionable kind of refuse, is found in 
connection with the manufacture of carbonate of soda by the Leblanc 
process. The carbonate of soda is produced from common salt by heating 
the salt with sulphuric acid to drive off the hydrochloric acid and to 
produce sulphate of soda or “salt cake.” This is then roasted with small 
coal and limestone to produce “black ash,” which is a crude mixture 
of carbonate of soda, sulphides, polysulphides, hydrate and carbonate of 
calcium, together with unused carbonaceous matter. This black ash is 
lixiviated with tepid water, to extract the carbonate of soda, and the mass 
remaining is thrown upon a spoil heap. Such a spoil heap may reach 
great dimensions and, being exposed to rain and the carbon dioxide of the 



MISCELLANEOUS TRADES. 


207 


air, yields up its sulphides, which escape in the drainage waters! These 
cause great pol^,ution of any stream into which they may be discharged, 
and especially wr^en they come into contact with any acid liquid, which 
immediately liberates sulphuretted hydrogen with its offensive smell. 
They also form an objectionable incrustation on the banks and bed of the 
stream. Table LXL, quoted from Mr Naylor’s book on Trades' Waste 
(p. 244), give» an analysis of this incrustation, together with analyses of 
the fresh waste and the drainage from a waste heap. 

Fortunately, the prevention of such a discharge is a profitable 
operation, as the sulphur the waste contains can be recovered either in 


Table LXI. 

ALKALI WASTE AND DRAINAGE. 

{Itemlls expressed as percentages. ) 



Alkali 

Waste. 

Incrusta- 

tion. 

Drainage. 

1 

Total suli)hur 

10*50 

2*90 

0*268 

Sulphur as sulphate 

9*67 

1-87 

0*036 

Sul])hur as sulphide 

0*01 

0*07 

0*078 

Oxidisable sulphur (by difference) 

0*83 

1*03 

0*232 

Carbonic acid 

7*99 

16-50 

none 

Coke 

5*07 

• 1*82 

none 

Siliceous matter 

13*82 

10*86 

0*002 

Oxide of iron and alumina 

1-20 

0*77 

0*006 

Lime 

21 •28*’ 

22*90 

0*300 

Magnesia 

0-23 

0*54 

trace 


the solid form or as sulphuric acid. The best known method of recovery is 
that of A. M. Chance, in which the waste is treated with carbon dioxide, 
made by heating limestone in kilns, and the sulphuretted hydrogen thus 
liberated is burnt either to sulphur dioxide by giving a sufficient supply of 
air, or to sulphur by giving a limited supply of air in presence of heated 
ferric oxide. This process is especially applicable to the fresh waste, but 
can also be applied to the liquid draining from an old heap ; but, as with 
spent shale heaps, the old black ash waste will continue for many years to 
yield polluting drainage waters, which gradually become more dilute until 
the sulphur they contain does not pay for recovery. 

Fortunately, also, the Dbblanc process is not now that most commonly 
used for the preparation of carbonate of soda, as the Solvay ammonia-soda 
process, in which the alkali is produced by passing ammonia gas together 
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with carbon dioxide into a strong brine, has to a great extent taken its 
place. The only rebise from this process is the mother jiipior, containing 
chloride of calcium, from which the ammonia has been distilled. This is ^ 
usually run on to waste ground, where the lime salts arc deposited after 
the evaporation or percolation of some of the liquid. The water draining 
from sucli a deposit is exceedingly hard and may be injurious to a .stream 
in that res})e(!t, but it is not offensive like the refuse from the Leblanc 
process. Recently this waste chloride of calcium liquor has been brought 
into use for the ])revention of dust on roads. 

Another still more modern process of manufacture is the best fi'om the 
point of view of rivers ])ollution, for it produces no waste waters. In it 
the alktili is prepared by electrolysing brine, when chlorine is given oft' at 
one pole and caustic soda is produced at the other. 

Soap Making. — Curd soap is made by boiling up an oil or fat with an 
a<picous solution of caustic soda, when the fatty acids of the oil combine 
with the soda, to form a soap, leaving a solution of glycerine in the water 
present. Ry tlie addition of large (]uantities of common salt either in the 
solid state or as strong brine, the soap is then separated in the form of a 
curd, and from this the “spent lye” is drained off. This liquid at the 
time of the 1^68 Commission (First Report, p. 103) was discharged as 
refuse, but the Commission pointed out that it contained large amounts 
of glycerine, for which there was an increasing demand, and that the 
glycerine could easily be recovered from the spent lye by concentration 
and distillation. This recovery of glycerine lias now become the most 
profitable part of the soap-maker’s trade, but as a rule, at least in the 
smaller soap works, the crude spent lye is sold to a chemical manufacturer. 
In such a case the discharges from the manufacture of curd soap should 
be confined to dirty waters which have been used for washing floors and 
utensils, and these are’ only small in amount. 

In the manufacture of soft soap caustic potash is boiled up with an 
oil or fat, and the resulting product forms the soap, so that there is no 
spent lye to be disposed of, and the only waste waters are those from 
washing, which can easily be purified by precipitation with lime in settling 
tanks and straining through fine cinder filters. 

One process commonly in use at soap works may give rise to polluting 
discharges. This is the causticising of the carbonates of the alkalies with 
lime in the manner described on p. 88. From this process there may be 
a discharge of spent lime, but, as previously shown, this can only occur 
through carelessness or mismanagement. 

In the larger soap works the spent lye from the making of curd soap 
is concentrated and sometimes distilled for the extraction of the salt and 
the purification and recovery of the glycerine. The crude spent lye, 
which contains about 7 per cent, of glyceriiie and an equal amount of 
common salt, as well as albuminous, resinous, and soapy matters, is first 
slightly acidified with hydrochloric acid to separate any grease it contains. 
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It is then treated with an iron alum salt or alumino-ferric to pf '‘cipitate 
albuminoid organic matters, which are removed by passing the mixture 
through a filter press. The acid filtrate is rendered slightly alkidine with 
caustic soda, which causes the deposition of further impurities, and these 
again arc removed hy filter ])ressiug. The lye thus j)urified is concen- 
trated in a multiple cflect evaporator until most of the salt it contains 
crystallises out, and the glycerine i)re8ent amounts to some 80 or 82 per 
cent. If a piir(‘T glycjerine is re(|uired it is obtained by distilling the crude 
product in a vacuum still, by extracting it with a solvent, or by dialysis. 

The waste waters produced by the evaporation process arc the 
condensings (sec Table LX II.) and the residue remaining after distilla- 
tion, together with any water which has been dirtied in washing the floors 


Taule lx II. 

RIVER WATER BEFORE AND AFTER USE FOR CONDENSATION OF DISTILLATE 
FROM CONCENTRA'ITON OF SPENT LYE. 

{JlesuUii (‘.qrrenfird in parts per 100,000.) 




Solids in 
Suspension 
(dried at 
1UU“ (;.). 

Solids in 
Solution 
(dried at 
100' C.). 

Nitrogen. 

Oxygen ale 
sorbed from 

^ pennan- 
80 

ganate in four 
hours at 

2G 7" C. 

1 





Total 

SoIkIb. 

CS 

0 

« 

1 

*0 c 

5 a 

.2 2 
c « 

cO 

'ti' 

•tS/*. 

Hardness (in terms 
of CaCOs). 



Totul 

A all. 

Total. Ash. 

s 

< 


og 

Total, 

By Fil- 
trate. 

< 

1 

Total. 

Permt. 

Tempy. 

Before use 

42*3 

2-1 

1 9 

40 2 26-6 

0*(i() 

0*08 

0*31 

0 68 

0*6^ 

I 16*9 

19 3 

10*9 

8*4 

After UBC . 

227 -4 

13'() 

7-6 

2U-4 203*2 

0*58 ! 

0*09 

0*31 

110 

0*93 

200*3 

39 

1*1 

2*8 

Do. . 

81-8 

G-4 

1« 

75*4 ri3*S 

()*G4 

0-26 

0*64 

3*34 

2*84 

j 24*4 

21*5 

9*3 

12-2 


and apparatus. The residue after distillation is best disposed of by 
placing it on the ash heap, while the other refuse can be purified either 
by application to land or by precipitation with lime and straining through 
cinder filters. 

Grease Extraction. —In connection with the wool trade, in which, as 
has been explained, large (quantities of greasy and soapy li(|Uors are 
treated for the recovery of the fats they contain, a subsidiary branch of 
trade has arisen for dealing with these liiquors and fats. The grease 
extractor generally jirovides and works seak plants, sucli as those de- 
scribed on pp. 112 and 175, at mills where wool-washing or piece-scouring 
suds are discharged, and removes to his own premises the puddings of 
magma or grisasy sludge. These puddings are qiut into a steam-heated 
mechanical press and subjected to great pressure, sometimes as much as 
2 tons to the s(juare inch.* By this means most of the water and oil are 
expressed, and these are received into a grease separator or largo cask 
where the black oil separates from the water. The water is drawn off 

14 
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from th« bottom of tho ca^k and paased through one or more additional 
separators to intercept as much of the oil as possiblo. As it escapes it 
still a very impure liquid (see Table LXIII.), highly aciu in reaction and 
carrying with it appreciable amounts of oil in emulsion. The ^ 

Vitriol, and in some cases with oxidising agents, such as ^ “ 

or oil of mirbane, and is again settled to separate it from the acid liquid, 

which is run oft as refuse. 


TauTiE LXIII. 


IIHFIISK FROM GREASE EXTRACTION AND DISTILLATION. 

{JicsiUts c.rpf'esmi in parts per 100,000.) 
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Ash. 
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Grease Kxtraction. \ 

— 

- — 

— 


__ 

1 






Eefuae from separa- 
tion of grease . 

fisfi-o 

1 

1 

195-6 ; 

r.-c 

489-4 

231*4 


33-6 

20-9 

i 



133-5 

Refuse from separa- , 
tion of grease . • ' 

G21-7 

-39-8 ' 

0-1 

682-4 

288-4 

.. 

41-3 

■■ i 



■■ 

Refuse from sciiara- 
tiou of grease . 

892-() 

7&-4 

19-3 

313 0 

104-8 

■* 

24-0 

6-270-0 



106-2 

Refuse from puntlca- 
tion of grease . . , 

7824-0 

121-6 1 

0-0 

7702 4 

5(W)-0 


06-8 

7-(l 


Refuse from separa- i 


1 





0 0 




tion of petrol . . | 

Grease Distillation. | 

Crude refuse . ■ ^ 

Refuse after precipi- 

109-3 

■■ 1 
17-9 

3-0 

91*4 

51-0 

i ’* 

9-7 


37 6 

12-3 


tation with bleach- ] 
Ing powder . • 

273-2 

10-2 

6-2 

263-0 

203-0 
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Refuse after preciplta- | 
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powder, settlement, 
and experimental 
filtration . 

Refuse after settle- 
ment and straining 

1 269-G 

1 74-8 

0- 4 

1- 0 

0-1 

01 

259-2 

73-2 

186-0 

46-0 
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The grease extractor generally also buys from the cloth manufacturer 
the oily waste or shoddy, which is pi-oduced in the carding operat on^ 
This contains variable amounts of grease, sometimes as much as - 
per cent., and is treated in a steam press similarly to the 
?he mixture of oil and water which escapes from the press 
as described above. For this extraction of grease from “y waste ^n 
apparatus like that of the Industrial Waste Eliminators M. (see p. 104) 
orSmith’s Patent Vacuum Degreasing Machin'e (see p. 124) would seem 

^ ^ThTuq^d Luse escaping from these processes (see Table LXIII.) is 
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fortunately not large in amount, and the quantity can often l^• reduced 
by using the acid liquid from the magma presses to moisten the shoddy 
before it is pressed. The treatment required by these acid liquids is that 
suggested for tlie purification of the efiinents from seak tanks, namely, 
neutralisation with lime, settlement, and filtration. 

The magma cake from the presses of the grease extractor is usually 
sold for making artificial manure. It still (see Table LXIV.) contains 
from 15 to 25 per cent, of grease, and this, besides being wasted, is actually 
detrimental to the use of the cake as a manure, since it makes it 


Table liXIV. 

MAGMA AND PRESS CAKE FROM RECOVERY OF GREASE. 
{llesuUs vjyresHcd in parts per cent) 




Wet. 


Calculated ou Dry Solids. 

o.-n 


<C 

. ^ 

.2^-2 


a; 

■ 

'a 


II 

05 pLi 

S: S 

o 


'o 

O 

ee 

oi 

Cl] 

oj 

o 

cfl ^ 

O 

*+s 

05 -2 

.B ss 

0) 

o 

Magma. 

40*02 

64*39 

5*59 

42*62 

90*68 

9*32 

71*05 

|84*30 

Press cake 

11*43 

68*74 

19*83 

24 64 

77*61 

*22*39 

27*81 

Magma . 

34*8() 

61*57 

3 *,57 

52*70 

94*51 

5*49 

80*89 

1 9078 

Press cake . 

12*59 

70*92 

16*49 

24*52 

81*13 

18*87 

28*06 

Magma . 

58*04 

37*69 

4*27 

24 -.54 

89*83 

ao*i7 

68*48 

o 

o 

Press cake . 

22*02 

65*28 

12*70 

23*06 

83*71 

16*29 

29*67 

Magma . 

36*64 

59*38 

3*98 

44*32 

93*74 

6*26 

69*95 

1 89*23 

Press cake 

, 10 *,54 

74*18 

15*28 

17*92 

82*90 

17*10 

20*03 

Magma . 

1 38*83 

67*48 

3*69 

41*12 

93*97* 

6*03 

67*22 

1 75-83 

Press cake . 

10*14 

77*32 

12*54 

29*77 

86*04 

! 13*96 

33*13 

Magma . 

41*05 

54*91 

4*04 

40*69 

93*15 

6*85 

69*02 

1 86*77 

Press cake 

28*50 

58 -.58 

12*92 

16*28 

81*93 

1 18*07 

1 

22*77 

1 


impervious to water, less easily broken down by weathering, and much 
more resistant to decomposition. Of late years, therefore, the grease 
extractor has brought into use a solvent process for recovering this 
grease, such as was suggested by the Royal Commission of 1865 in their 
Third Report (p. 34). The solvent used in the first instance was bisul- 
phide of carbon, as suggested by the Commissioners, but this has now 
generally given place to petroleum naphtha. The magma cake, after being 
dried by exposure to the air, or in an apparatus like the Ruggles-Coles 
drier, is broken up and placed in a digestor having a capacity of 3 to 5 
tons. The solvent is the^i pumped on to the top of the mass of cake and 
allowed to percolate through it, extracting grease in its passage, and the 
process is repeated two or three times : or heat is applied to the solvent 
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in the digestoi’, and in the evaporation and condensation which results the 
solvent permeates the whole mass of cake, dissolving out .the grease very 
thoroughly. 

After tlie solvent has b(‘on draiiud off from the magma cake the 
remainder is driven oft* by live steam and condensed for re-use. The 
mixture of solvent and grease drained from th(‘ digestors is run i?ito a 
still, wliere tlie solvent is distilled off, first by steam coils an'd finall}'^ with 
live steam, and is also condensed for re-use ; while the crude grease is 
further purific'd by heating along with sulphuric acid, as described above. 
The magma cak(! by this treatment is to a great extent deprived of 
moisture and freed from grease, and, since it contains considerable amounts 
of nitrogen, forms an excudlent basis for the manufacture of artificial 
manure. It will generally be found that the moisture remaining amounts 
to 10 per cent., and the grease to 5 or 10 per cent. 

The only liquid n'fuse discliarged from the above process, except the 
small amount of acid wat(;r separated from the grease, is the water con- 
densed along with tlie solvent, from which it is separated by simple 
settlement. An analysis of this is given in Table LX III. Even if great 
care is taken, there is danger that the solvent may escape along with the 
water, and it is therefore never safe to discharge this refuse into a sewer, 
where it might be the cause of a serious explosion. The amount of 
solvent thus gradually escaping is not inconsiderable, inasmuch as there 
is a loss of a gallon to a gallon and a lialf for every ton of cake treated, 
and much of this escapes along with the water, although by using a proper 
condensing apparatus foi* the solvent, such as that of Heinrich Schirin, 
Leipzig-Plagw itz, the loss may be reduced to ()’5 pi^r cent, of the weight of 
cake treated. 

The black oil recovered by the grease extractor is often used up again 
in the woollen mills, frhm the refuse of which it has been recovered, and 
in some cases the complete cycle of processes is brought into use by the 
manufacturer himself, who thus uses the same oil over and over again, and 
only buys sufficient to replace that which is unavoidably lost in the various 
operations. In the manufacture of woollen goods, when the piece-scour- 
ing suds and the shoddy from tlie carding arc both treated for the 
recovery of grease, the amount recovered, without reckoning that extracted 
from the magma cake, has in several cases been found to reach over 70 
per cent, of that originally used. 

Grease Distillation. — A large proportion of the crude grease recovered 
by the grease extractor is sold by him to the oil refiner, who subjects it 
to a process of distillation. Tlie products of distillation arc (1) a small 
(quantity of liydrocarbons, which are usually returned to the still with the 
next charge ; (2) the bulk of the oils which, by cooling and pressing, are 
separated into a liquid oil mainly consisting of 6leic acid and a solid which 
consists in great part of stearic acid ; and (.3) a residuum of liquid pitch. 
The mixture of liquid oils is chiefly used again in the wool trade; the 
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ste^ific acid is sold to the candle maker, or for making polishes or 
currying leather; and the pitch is used for the insulation of electric 
cables or as a Hubricant for heavy machinery, especially for the necks of 
rolling mills. 

The only waste licpiid from grease distilling comes from the final 
condenser, through which a spray of water passes in order to conchmse 
the gases whtch escape from the process of distillation. This water, being 
charged with the gases, becomes exceedingly offensive, having a strong 
smell of butyric acid and similar compounds. It also carries with it 
particles of grease, and if discharged to a stream may give rise to great 
nuisance, both because of its smell and because it coats tlie banks of the 
stream with greasy matter. Analyses are given in Table J.XIIL 

If this lirpior is received into a tank of sufficient cjipacity to allow it 
to cool, the grease it contains rises to the surface and can be skimmed oft* 
and recovered. Even if the grease is thoronglily removed in this way, 
the water remains very offensive, and, having a high oxygen-absorbed 
figure, is still very unfit to be discharged to a stream. It can, how- 
ever, be purified by precipitation with bleaching powder or some other 
oxidising agent, lol lowed by settlement and treatment upon a percolating 
filter. In Table LXllI. the results of experimental pn'cipitation and 
filtration of this kind are given, and it will be seen that the oxygen- 
absorbed figure has been reduced over 80 per c('nt. The effluent after 
this treatnuuit was free from obnoxious smell. 

The Discharge of Oil in Condensing Water.— In the exhaust steam 
from a steam engine, there are invariably small (pni«tities of lubricating 
oil which the steam has carried with it from tln^ cyliruler. Where the 
condensed steam is discharged into a small stream, or where there are 
.similar discharges fi’om a number of mills in close proximity, the effect on 
the stream may be very marked, sometimes to thb extent of pi’oducing a 
thick scum of grease over the whole surface of the water. There is also 
frecjuently an escape of grease from a mill where it has been carelessly 
used in lubricating the various parts of the engine and other machinery. 
These discharges of grease are for the most part due to carelessness, 
in the best mills with modern machinery, care is taken to trap all these 
greasy discliarges and to recover the oil for re-use. 

That which is carried by the steam can be prevented from escaping 
by interposing a trap such as the Princeps Oil Extractor of Princeps tfe 
Co., Sheffield (see Fig. 37a) ; the Empire Oil Separator of the Empire 
Engineering Co., Salford ; or Brooke’s Oil Separator of Holden and Brooke, 
Ltd., Manchester. These are contrived to extract the oil from the steam 
before it has become mixed witli the condensing water. They all consist 
essentially of a cylinder or chest, through which the steam is passed, con- 
taining a large number of%affle plates upon which the steam impinges and 
to which the particles of oil adhere. These particles coalesce into globules 
which run down the baffle plates and collect in the bottom of the cylinder. 
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In the trap shown in the figure the bafifle plates take the form of spirals^ 
so as to offer as little obstruction as may be to tbe passage ^f the steam. 



In some cases the oil is removed after it has become mixed with the 
condensing water, when the treatment is totally different. If the con 
densing water is run into tanks or ponds of sufficient size to allow it to 


Fig. 37a. — Piinceps Patent Oil Extractor and Steam Dr}er. 
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cool, the emulsified grease rises to the surface and can be retained by 
means of scumnpards ; or patent processes can be used, for instance, either 
chemical precipiiation by means of lime and salts of alumina, in which 
case the grease is not recovered, or an electrical process, such as that of 
Davis Perrett Ltd., Westminster, in which by passing an electric current 
through the water, the grease is separated, and may be saved for re-use. 
One of these lAethods is usually employed where the condensing water is 
recpiired again for steam raising. It is estimated that a layer of oil 
0*01 inch thick offers as much resistance to the passage of heat as a 10- 
inch steel plate (Buchan, Memorandum on Steam Boilers). 

Tar Distillation. — In the manipulation of tar for the purpose of 
separating it into its several constituents, and in purifying these, there 
are various discharges of waste \vater which are of a highly polluting 
character. These liquids are generally more or less dark brown and 
turbid and contain tarry matters, together with either acid or alkali which 
has been used in the processes. 

In distilling tar the “first runnings” from the condenser contain 
ammoniacal liquor which is afterwards separated from the admixed 
naphtha to be distilled for the recovery of ammonia. As the tar 
distillation proceeds and the temperature rises the various oils coming 
from the condenser are collected in separate receivers and are known as 
light oil or “second running.s,” carbolic oil, creosote oil, and anthracene 
oil, leaving a residue of pitch in the still. Tow^ards the end of the 
distillation steam is forced through the tar, and this condenses along with 
the creosote and anthracene oils. • 

From this distillation of tar, therefore, it will be seen that there 
are two sources from which w.astc w'aters arise — the distillation of the 
ammoniacal liquor, yielding refuse the treatment of which has been fully 
dealt with in Chapter III., and the condensatioif of the steam passed 
through the tar in the still. 

All tar works do not adopt the practice of collecting the various 
fractions of distillate noted above, but such may be regarded as a very 
complete process. The further purification and rectification of the various 
oils give rise to polluting liquids, but it will suffice here to deal only with 
those processes which are in more or less general use. Moreover, some 
of the fractions obtained as above are sold and used for various industrial 
purposes in this country without any further purification, for example, 
the creosote oil for the recovery of benzol from coke oven gases, and some 
are only partially purified and sent to Germany for use in the large colour 
works there. 

The first runnings after the separation of the ammoniacal liquor, the 
light oil, and the carbolic oil, are washed with caustic soda, containing 
about 10 per cent. NagO,* which dissolves out phenols and cresols, and 
-these are again liberated as oils by passing carbon dioxide through the soda 
solution. This process yields a solution of sodium carbonate, which can be 
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concentrated in an evaporator such as is described in Chapter XL, p. 275, 
and cansticised for re-use, as described on p. 88, and causticising 
process, if properly managed, does not give rise to any pointing discharge. 

The oils, after treatment with caustic soda, are treated with dilute 
sulphuric acid (2 to 5 per cent.) to dissolve out pyridine and other basic 
tar oils, and are then washed with water and distilled and collect^cd in 
various fractions. During this distillation process steam is passed into 
the still and condenses along witli the oils, from which the water is after- 
wards separated and run to waste. The various fractions of oil thus 
obtained are trejitcd with concentrated sulphuric acid to remove thiophene 
and other sulphur compounds, as well as uiisatiirated hydrocarbons. 
They arc then washed with water and finally distilled with steam. 

The acid solution containing the pyridine is used instead of sulphuric 
acid in the saturator of the sulphate of ammonia plant, wlum the ammonia 
liberates the pyridine, which is either skimmed off or condensed from the 
gases leaving the saturator. The acid washings are neutralised with soda, 
when the emulsified oil separates and is skimmed oil', the neutralised liquid 
being discharged as waste. 

There are thus at this stage the concentrated acid and washings to 
dispose of, and the condensed steam from the stills. When the acid is 
diluted with the washings, tarry matter separates and can be skimmed 
off, and the acid can then be used for dissolving out the pyridine, as 
above, or in the sulphate of ammonia plant. 

It will thus have been gathered that there }ire numerous processes in 
which water is foul^'d, much of the refuse coming from distillation pro- 
cesses in which steam is blown through the still, but the bulk of it being 
spent gas licpior, or water which has been used for washing the various 
products. Each discharge of waste water is only small, but together 
they amount to a considerable volume, and must be treated before being 
allowed to reach a stream. For this purpose large settling tanks fitted 
with a series of scumboards should be provided. As the refuse cools, oily 
matters either sink or rise to the surface and are deposited in the tanks or 
retained behind the scumboards. The tank effluent, if treated wdth lime 
along with a salt of iron or aluminium, or wdth chlorine, which partly oxi- 
dises offensive gases and partly precipitates some of the dissolved matters, 
may be afterwards purified by means of a percolating filter (see pp. 64 
and 269). Analyses of various discharges are contained in Table LXV. 

Refilling of Mineral Oil. — The working up of petroleum and shale oil 
differs very little from the processes adopted at tar works, and the refuse 
may be disposed of in the same manner. 

Tar Spraying of Roads. — In recent attempts to prevent the dust 
nuisance on roads, tar spraying of the surface has come into very general 
use, and this has from time to time caused ' considerable pollution of 
streams, with resulting poisoning of fish. If the tarring is followed by 
a period of dry weather no harm generally results, as all the poisonous 
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materiaU are absorbed ; but if, soon after the tarring, there happens to be 
heavy rain, the soluble matters of the tar are washed oiit^ and may cause 
great destruction of fish life in any stream which they rea/ih. 

The whole (picstion has been very fully discussed by W. J. A. Butter- 
field, F.I.C., Assoc. Inst. C.E., in a paper given in The Surveyor^ 1912, 
vol. 41, p. 277. JJe shows that the poisonous constituents of tar ai;e the 
ammonia licpior and the tar oils and their associated bodies, &nd that it is 
easy to obtain tar suitable for spraying on roads, and freed from the bulk 
of these poisons by partial distillation or boiling. He suggests that it is 
safe to use a tar which 

1. is of not lower specific gravity at 15" (). than 1*18 ; 

*2. contains not more than 1 per cent, of water or gas li(|uor, the 
ammonia in which is equal to not mon*. than 5 grains per 
gallon of tar ; 

5. contains not more than 1 per cent, of light oils, and 

4. (;ontains not more than 5 per cent, by volume of crude tar acids. 

Glue, Size, and Gelatine Manufacture. — The refuse which comes 
from the manufacture of glue, size, and gelatimi is exceedingly polluting 
in character and may give rise to great nuisance. These products are 
extracted from animal tissue's such as bone, skin, horn, and hoof by 
boiling with water, but from this extraction process there is no liquid 
refuse. In the preparation of the raw materials, on the other hand, and 
in the washing of utensils, <;onsiderable (pian titles of water are fouled, and 
as this carries with it large amounts of animal matter in solution and 
suspension, it is of g highly polluting character. For the description of 
the kind of refuse prodiiccd it may sulfice to explain the processes adopted 
and to give analyses of the refuse in a particular instance. 

In this case the raw materials arc spetches from the tanyards, horns 
and bones. The spetches or waste bits of skin, including the ears and 
lips from the hides, come from the tanyard highly impregnated with the 
lime in which the skins have been soaked previous to dehairing (see 
p. 72). They are steeped in a tank containing weak hydrochloric acid 
to get rid of the lime. The horns and bones require the same treatment 
to extract the calcium phosphate they contain, and all the materials are 
washed in water to cleanse? them of dirt. The cleansed materials arc then 
boiled in vats with a sufficiency of water; the fats which separate are 
skimmed off, and after prolonged boiling the resulting liquor is run off 
and concentrated in vacuum pans sufficiently to set into the well-known 
cakes of glue, or into jelly-like size, on cooling. • The residue from which 
the gelatinous matter has been extracted is dried and made into artificial 
manure. 

In this case the manufacturer makes soap out of the fat recovered 
from his boiling pans, and as the quantity of hal'd soap made is not great, 
he does not trouble to recover glycerine from the spent lye, which is 
discharged as refuse. 
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Frola these premises, therefore, the trade refuse consists of water 
which has been used for washing the raw materials ; the waste Ihjuor from 
the extraction of lime from the spetches, which contains large quantities 
of chloride of calcium in solution ; water which has been used for washing 
floors, vats, and casks ; and occasional discharges of spent lye when soap 
is being made. The analyses of this refuse before and after treatment are 
given in Table TjXVI. • 

Although the refuse is so grossly polluting in character, it is fortunately 
amenable to treatment, being readily purified by chemical precipita- 
tion and biological filtration. By chemical precipitation with lime and 
alumino-ferric the oxygen-absorbed figure was reduced from 22 ’4 to 
14 '5, showing a purification of 35 per cent., and this precipitated liquor, 
when applied to the experimental filter, described on p. 117, at the rate of 
35 gallons per cube yard per day, yielded an effluent with an oxygen- 
absorbed figure of 1*7, showing a purification of 92 ])er cent, on the crude 
refuse. This effluent contained nitrates and did not putresce on keeping. 

The refuse at the premises under consideration was for a long time 
treated by chemical precipitation and irrigation upon land, but, especially 
in summer, many complaints were made of the snudls from the flooded 
land, which was indeed neither of sufficient area nor of suitable character. 
Since the above experinuaits a Hlttsr similar to that described on p. 271 
has been provided in place of the land treatment, yielding results which 
are shown in Table LXVI. It will be seen that the tank effluent con- 
tained far more suspended solids than should have been allowed to reach 
the filter, but that notwithstanding this the reduction in the oxygen- 
absorbed figure is very marked. 

Slaughtering of Animals, Bone Boiling, Tripe Dressing, Trotter Boiling, 
Tallow and Dripping Preparation. — From all these processes there is a 
discharge of dirty watar very similar to that coming from the manufacture 
of glue and size, a licpiid strongly impregnated with animal organic matter, 
and extremely liable to undergo offensive putrefaction (see Table LXVII.). 

The blood obtained when animals arc slaughtered should never be 
discharged along with the refuse waters, as it is valuable either as a food 
or as a manure. But even if care is taken to prevent the escape of any 
blood, the water used for swilling the slaughter house is highly polluting, 
and needs much the same treatment as strong domestic sewage to make it 
fit to be discharged into a stream. At large slaughter houses the recovery 
of grease from the refuse water is found to be profitable, and perhaps the 
simplest method in use is a Kremer apparatus such as will be found described 
in Dunbar’s Principles of t^ewmje Treatment (p. 63), and can be seen in 
operation at the Withington Sewage Works of the Manchester Corporation. 

Apart from the recovery of blood and fat, the liquid refuse from all 
these trades can be dealt with in the same way fts has been suggested for 
the refuse from the manufacture of glue and size. 

Dairy and Creamery Refuse. — The processes carried on at a dairy are 
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somewhat variable, but may include separation of cream, butter Viaking, 
cheese, making, the Pasteurising of milk, and the preparation of casein and 
milk sugar. Sine^e fresh milk is the raw material in all these processes, 
and since it is so liable to undergo fermentation, the necessity for keeping 
all utensils scrupulously clean will be obvious — indeed, the washing waters 
from floors, cans, centrifugal mac.hines, and other apparatus form the bulk 
of the li(piid rKuse. 

In many dairies the oidy operation is tlie scj)aration of tlie cream from 
the milk, the former being sold and the latter being returned to farmers 
for feeding calves and pigs. 

Where a cream separator is used the interior of the machine becomes 
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coated with mucus, blotwl, and other impurities from the milk, but these 
substances should not be washed off and discharged with the rest of the 
licpiid refuse. They should be scraped off and thrown upon the manure 
heap, or boiled up in food for pigs. 

In butler making the cream which has been separated from the fresh 
milk is churned to cause the fat globules to separate from the film of milk 
fluid with which they arc surrounded, and to aggregate together. The 
skim milk is either sold as such or used for feeding calves, or for the 
preparation of cheese or casein, while the butter milk sepfirated from the 
butter in the churn is used for feeding pigs. The butter is next washed 
with cold water, draimjd, salted, and prepared for market. 

In cheese making the casein of fresh or skim milk is precipitated by 
rennet, and carries down ^vith it most of the fat. The curd is washed, 
compressed, and ripened into cheese, while the whey is either fed to pigs 
or used in preparing milk sugar. 


Coarse Solids 
(removed before 
analysis). 
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In tlie Pasteurising of milk the only refuse is derived from the washing 
of the vessels and apparatus which have heen used in the process. 

Casein is prepared from fresh milk or from skim nalk by adding an 
acid to the diluted milk and collecting the precipitate thus formed. The 
liquid remaining is usually discharged as refuse, or it may be utilised in 
the same manner as the whey from cheese making. 

Milk sugar or lactose is prepared by evaporating wlie^ , clarifying the 
evaporated liquid with an aluminium salt, and further evaporating until 
the sugar crystallises out, leaving a mother liquor which is highly charged 
with organic matter. 

The apparatus used in all the various processes must bo kept thoroughly 
clean, and this is accomplished by washing with hot water to which a little 
soda has been added for the purpose of saponifying any fatty matter 
adhering to the vessels. Dairy refuse thus possesses the character of 
diluted milk, and is very liable to undergo acid fermentation and give off 
offensive odours from the butyric acid produced. If discharged into a 
small stream it gives rise to abnormal growths, which cause a gn^at 
nuisance when they decay. The volume produced is estimated by Dr F. 
Guth (Gemndheitunyerdeur^ 4th March 1911) at 1 to 3 or more gallons for 
every gallon of milk treated at the dairy, and according to this author 
the composition of the refuse from the centrifugal machines and cheese 
making, and from the washing of milk cans, may be somewhat as follows ; — 

Table LXVIIl. 

DAIRY REFUSE. 


{Results expressed in parts per 100,000.) 



Refuse from 
Washing of 
Milk Cans. 

Mixed Refuse 
from (’entri- 
fugal Machine.s 
and from 
Cheese Making. 

N 

Oxygen absorbed from permanganate in ten 

minutes’ boiling (Kubel) 

9*3 to 45*6 

15*4 to 101-9 

Loss on ignition of total solids .... 

33-1 to 71-2 

49-2 to 273-3 

Nitrogen (Kjeldalil) 

2-4 to 5T 

5-8 to 11-8 

Milk sugar 

10*9 to 15*9 


Fatty matter 

15*9 to 20-9 



Table LXIX. contains analyses of samples of refuse from a dairy where 
milk is Pasteurised, and also from a dairy where butter and cheese are made. 

So long as the dairy is in connection with a farm there need bo no 
difficulty in disposing of the refuse, as it can be distributed over the surface 
of grass land. At the Manor Farm, Garforth, in connection with the 
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Acidity (as Lactic 
Acid). 
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Total Solids. 


These figures represent the ash of the total solids. 
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Univcr8\ty of Leeds, where on an average 50 or 60 gallons of milk are used 
daily for butter and cheese making, the refuse amounts to some 400 gallons 
per day. Tliis is passed through a tank of 1200 gallon-! capacity, where 
it is mixed with the domestic sewage from the farmhouse, and the tank 
effluent is applied to half a rood of grass land, wliere it is absorbed. 

Small dairies are, howtiver, giving places to larger, in which the milk 
from several farms, amounting perliaps to 2000 or 3000 gallons daily, is 
dealt with, and the disj)Osal of the refuse then becomes a problem which 
demands considerjition. 

Where a recpiisite area of suitable grass land is available the refuse is 
easily dis})osed of ])y irrigation, but probably not inert' than about 5000 
gallons ])er acre of moderately strong refuse can be disposed of in this 
manntu’ (‘very day. Ata-ording to Calmette {Rvvhen'hcR^ vol. 7, p. 337) 
precipitation with lime or bleaching powder and settlement in tanks 
provided witli scumboards, preliminary to tht* land treatment, diminishes 
the risk of nuisance. Treatment with bleaching powder or some other 
oxidising agent is specially to be recommended, as it destroys the butyric 
atyd which is the chief cause of the otfensive smell such refuse is liable 
to give off. 

Experiments on the biological treatment of the refust; by means of 
septic tanks, followtid by cither contact beds or percolating filters, were 
undertaken at tht' Ballyrashano Creamery near Coleraine in 1902 under 
the direction of the Department of Agriculture and Technical instruction 
for Ireland (see the Journal of this Departimuit, March 1904, vol. 4, 
No. 3, p. 51 1). Tl»o septic tank was constructed large enough to hold nine 
or ten days’ flow of the refuse, and was covered with tarred planks and 
18 inches of soil, and each of the contact beds was sufflcieiit to hold the 
daily flow, the first being filled with very coarse coke and the second with 
coarse gravel. In the septic tank the oxygen-absorbed figure of the refuse 
was reduced from 180 to 48 parts per 100,000, whilst the contact beds 
further reduced this figure to 13, a total reduction of over 92 per cent. 
No nuisance or odour of any kind was, it is said, j)roduccd from the works. 
The percolating filter was constructed of coke, but its effect was hampered 
by faulty distribution ; it did not produce tpiite as good an effluent as the 
contact beds, but no attempt was made to remove the suspended matters 
contained in the effluent. The Jlepartment came to the conclusion that 
contact beds are preferable to ])ercolating filters as being less liable to give 
off any odour ; but with tanks of smaller size and the use of some oxidising 
agent the risk of nuisiince from the percolating filters would certainly have 
been greatly reduced, if not obviated. 

The effect of septic treatment has also been tried by Bowles {Engineering 
Record, 1911, vol. 64, p. 419), who finds that the lactic acid fermentation 
retards purification, but that by keeping the refuse in a septic tank for six 
days a purification of 50 to 60 per cent., judged on the organic matter, 
can be obtained. 



MISOELLANJ)OUS TRADES. 


212 ^ 

jvatiein ana ocnoots (see Milch Zeitmuf^ 190.3, Nos. 7 and 8) litve also 
studied the treatment of dairy refuse, and succeeded in treating it success- 
fully at a rate ^|vcr 50 gallons per cube yard of filtcriiig material per 
day oti a biter constructed of clinker somewhat like that described on 
p. 271, whilst Calmette (Erchnr/irSy vol. 5, p. 70) has d(5signed works based 
upon experimental results and consisting of a septic tank and percolating 
filter to treat ihe refuse of a creamery dealing with 1000 gallons of milk 
daily. 

In America attempts have been made by tin; Ohio State Board of 
Health and the United States (Geological Survey (see Kimberley, Emjmeering 
Rcvanly 1910, p. 50) to treat creamery refuse by setthanent and filtration 
through sand, i)ut the results Imve not been very satisfactory. The 
effluents obtained were putrescible, but this was due, according to 
Kimberley, to the higli rate of filtration, altliough this was only 9 gallons 
per square yard j)er day. 

In concilusion it may be stated that this kind of refuse can bo disposed 
of by a])})lieation to land, but that where the area is insufficient or the 
soil unsuitable biological methods (;an be employed, although a double 
filtration m.ay bo necessary in some cases. 

Laundries. — It is (piestionable whether the refuse from laundries can 
legally be cotisidered as trade waste water. Formerly it was the general 
custom for the dirty linen of a household to be washed on the premises, 
when the water fouled in the process could only be looked upon as forming 
part of the domestic sewage. 33ie tendency of recent years is for regular 
traders to establish large laundries in country places ^near towns and to 
deal there with the dirty linen of the town dwellers. The washing of 
clothes, therefore, which ordinarily would be done by the inhabitants in 
their own homos is transferred to an entirely different district and 
concentrated in large establishments. In such case.: the refuse discharged 
would undoubtedly appear to be trade waste water, but whether this is 
the legal view will have to be decided by the Courts. The question was 
discussed, but not decided, in the case of Garfield v. The Ym'kshire 
Laundries, Ltd. (69 J.P. 411). 

The process of washing clothes is too common to need any description. 
The refuse discharged from a laundry is a grossly polluting liquid, often 
stronger than an ordinary domestic sewage. Tt rapidly putrefies, and if 
discharged to a stream causes profuse offensive growths. In character it 
is almost exactly the same as piece-scouring refuse in the woollen trade, 
and it can be purified in the same w^ay, either by chemical precipitation 
with lime, alumino-ferric, or calcium chloride, followed by filtration or 
application to land. As with piece-scouring refuse, if the volume of waste 
water is sufficiently large it may be economical to recover the grease. 

Sheep Washing.— This <is one of tlie oldest polluting trade processes 
and, it must be confessed, extremely difficult to deal with in a satisfactory 
way owing to the manner in which it is carried on. In most cases a pool 

15 
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is made upon a small stream, and into this the sheep are driven one by one, 
to be received by a shepherd standinf; in the w.ater, wlio seizes each sheep 
by its head and back and moves it rapidly backwards and forwards in the 
water. This washing, aided by the potash salts present in the fleece, 
carries off large amtaints of gi’ease, dirt, soluble organic matters, and 
soinetiiues (diemicals, such as carbolic acid and arsenic compounds, with 
which th(! shec]) may have been previously dipped. • 

If the stream of water running through the pool is only a small one, 
as is usually the case, for slice]) washing is done in dry weather in summer, 
the water which escapes from the jiikiI may become very grossly polluted. 
The Royal Commission of 1808 (Third Report, ]). 18) say of one sample 


Tahle LXX. 

WASTE WATER FROM SIIEEF WASIIINO AND DIPPING. 
{lies III tK e.rpri’ftnnl in parlx per 100,000.) 



that “ it was an extremely filthy liquid, much stronger in its powers of 
pollution than ordinary water-closet sewage.” Analyses of samples of a 
stream above and below a washing pool are given in Table LXX. 

It is obvious that no sheep washing should be allowed upon a stream 
the waters of which are used for household supply, and although in other 
cases the pollution of the stream may give rise to considerable injury, for 
instance, by killing fish, as a rule, seeing that the duration of the 
pollution is so short, and that it only occurs once or twice a year, there 
is no need to take special measures for its prevention. Where necessary 
it may sometimes be possible, while sheep washing is going on, temporarily 
to divert the stream below the washing pool on to a meadow. 

Sheep Dipping.—This is a much more pMluting process than sheep 
washing and occurs more frequently, as sheep may. have to be dipped 
several times a year in order to meet the regulations of the Board of 



MISCELLANEOUS TRADES. 


227 


Agriculture. Fortunately the discharges arc small in amount and can 
easily be prevented from reaching a stream. Sheep dipping is done for 
the purpose of bidding the sheep of insect pests, and the chemicals in 
general use are lime and sulphur, carbolic acid and soa]), tobacco and 
sulphur, and conipounds of arsenic. 

The dipping is generally done in an elongated wooden tub or cistern 
500 or 600 gaTlons in capacity, large enough in its deepest part to hold 
a single sheep when floating in the Ihpiid. The tub is filled with the 
dipping li(juid and tlu^ slieep are passed through it one by one, each in 
turn being immersed by a shepherd standing alongside. As a hundred or 
more sheep may be passed through the same tub of liquid, to which fresh 
’ chemicals have been added from time to time, it can easily be imagined 
that the (jontents of the tub become grossly polluted. An analysis is 
given in Table LXX. 

There is fortunately no necessity to let such a lapiid escape to a 
stream ; it can be stored up and strengthened for re-use, or if it finally 
becomes loo foul, it is so small in (juantity that it can easily bo thrown 
upon the land at some distance from a stream. The discharge of even a 
small amount of a li(juid such as this into a stream may have very 
deleteriojiis effects ; for instance, where carbolic acid has been used one 
result may be that all the fish in the stream are killed out. In fact, a sheep- 
dipping tub should nev(‘r be allowed alongside a stream. 

Stone Sawing. — in many parts of the country where quarries of sand- 
stone arc worked the stone is prepared for sale by being sawn into blocks 
or slabs. The (piarried stone is firmly fixed in a frfime under a set of 
parallel steel blades (sometimes as many as twelve), which are kept in 
motion backwards and forwards and gradually lowered so as to make a 
series of parallel cuts through the stone. To keep the saw blades cool a 
constant stream of water is directed into the cuts, and steel shot, 
carborundum, or sharp sand is used to assist in wearing a groove in the 
stone. 

From stone sawing, therefore, there is a constant discharge of water 
carrying with it large quantities of fine sand or mud resulting from 
the sawing (see Table LXXT.). This waste water, if discharged to a 
stream, deposits its solids in the channel and makes the stream water 
very muddy. The discharge is fortunately never large in volume, and its 
purification or disposal is easy. In most cases the stone yard is in connec- 
tion with a quarry, and it is often possible to run the waste water into the 
quarry, whore the solids rapidly settle, and the water either percolates 
away or is sufficiently clarified to be pumped out with other waters 
drained from the quarry. Where this means of disposal is not available 
a series of settling tanks should be provided equal in capacity to the 
maximum daily flow of refuse, and in duplicate to allow of cleansing. 
Means should be provided for pumping or draining out the clear water 
after settlement of the solids when a tank is to be cleaned, and care 
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should be taken to remove the deposited sand or mud to such a position 
that any water draining from it will not reach a stream. The amount of 
sludge produced from each frame may he roughly estimated at 10 to 
20 tons per annum, and some of this can lx; ground up with ashes for the 
preparation of mortar. Tlie clarified water can he us(‘(l over again in the 

Tahue LXXl. 

STONE-SAWING REFUSE. 

{Jifsu/ts expressed in parts per 100,000.) 


Oxygen ab- 


>ittturo of 
Sample. 

'J’otal 

Solids 

Solids in Sus- 
pension (dried 
at 100’ C.). 

1 .Solids in 

J Solution 

1 (dried at 
100" 

i 

sorbed from 

N 

— perman- 
80 

ganate in 
four hours at 
26-7' C. 

IlardiiesB (in terras ! 
of CaCO;,). 



Total. , 

Asli. 

Total 

Ash. 

Total. 

By Fil- 
trate. 

Total. 

remit. 

Tenipy. 

1 I. Criule 

1 Settled . . 

1I77-5) 
l‘il T. 

1072’:] 

i:ro , 

10U*1 

13’0 

106 •(; 
108-5 

81 -8 
83-5 

7 -(.7 
()-22 


lOG-0 

94-1 

66-0 

02*8 

50*0 

31 3 

IT. Crude 
Settled . 

7nfr0 

f):M 

7095 6 
35-0 ! 

6850-4 

34-9 

19-4 

17-2 

13-0 

11-8 

21-30 

0-08 

0 28 
0-04 

199*2 

11-2 

16*0 

8*6 

18*2 3 
2*6 

III. Crude 

I Settled . , 

49-8 

1208'6 1 
2-2 1 

! 

110(1 .S 
1-8 

' 26 8 
47'C 

37 4 

7-68 

0-10 

0 If) 

0 10 

29*7 
•29 0 

14*4 

18*9 

18*3 

1 10*1 

i 


stone sawing, or is usually fit to discharge to a stream, although in some 
cases it may be necessary to pass it through a sand filter. 

The suspended solids in this class of refuse deposit very rapidly, as 
may be gathered from the results obtained by the quiescent settlement of 


Table LXXll. 

RATE OF SETTLEMENT OF STONE-SAWING REFUSE. 


Time of settlement (hours) . 

0 

i 

3 

8 

24 

48 

Sludge produced per cent, by I 

I. ... 

5-60 

3-46 

3-00 

3*00 

3-00 

II. ... 

44-50 

35-75 

28-60 

28-00 

volume . . ■ . 1 

III. ... 

4-65 

3-85l 

3*80 

3-76 

3-66 

Suspended matter remaining in) 

I. 1072-3 

12-27 

4-67 

4-00 

1-87 

0*80 

II. 7095*6 


9-20 

3-20 

1-20 

1*40 

effluent (parts per 100,000) "j 

III. 1268-6 

22-30 

3-30 

1*87 

0-67 

0*18 


the above three samples of stone-sawing refuse for varying periods which 
are given in Table LXXII. 

Where the suspended solids in the refuse are very fine their deposition 
may be assisted by the addition of a small quantity of lime, as has already 
been suggested in the case of coal-washing refuse containing clay. 

, Sand Washing.— Where sand filters are used for the purification of 
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Amnioniacal. 




Total 

Solids. 

1 77*2 

15-4 

727-9 

219*1 

1 20*5 

11*3 
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1 

1 
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public wiitor supplies, the surface layer of sand becomes clogged with peaty 
matter, mud, or vegetable growths, and has to be removed from time 
to time and thoroughly washed in a stream of running water, or in a 
mechanical washer such as that of Oreenway, in which the sand is 
propelled along a horizontal tube by means of a scries of paddle blades 
and nujcts a current of water which washes it. This sand-washing water 
is much too impure to be discharged into a stream (see Table rLXXIlL), but 
the impurities can easily be removed by elective settlement in tanks or 
ponds, followed where necessary by straining through sand filters. 

Ore Washing.- -As the ores of most of the metals such as lead, tin, and 
copper ai’e much heavier than the rocks with which they are associated, 
the two can he s(*parat(!d, wlien cruslu'd into a coarse powder, by the aid 
of water, in the same way as coal can be freed from shah* and pyrites (see 
Chapter TL). The water coming from these washing operations is in all 
cases liable to carry with it large quantities of sand and mud washed out 
of the heavier ore and, mLxed with this, more or less of the on' itself. 

Most of these ores are fortimately insoluble in water, so that if the 
solid matters are deposited by settlement the resulting eflluent can 
generally be discharged to the stream without i)rodu(;ing any effect 
beyond a slight miiddiness. In some cases the solids are so finely divided 
that they take a very long time to settle, and any settling tanks provided 
would therefore have to be of great size. In such cases, as has already 
been mentioned in dealing with coal-washing water, sctthuneiit can be 
greatly hastened by dissolving small amounts of lim(5 in the water. 

Refuse of this kind was very fully considered by the Rivers Pollution 
Commission, 18G8, and is dealt with in their Fifth Report. They suggest 
(p. 49) that such nduse should be allowed to be dis(jharged into a stream 
aft(T having been subjected to perfect rest in subsidence ponds of 
sufficient size for a period of at least six hours, or, if not thus treated by 
subsidence., if it does not contain more than .‘1 parts per 100,000 of dry 
mineral matter. At the present day quiescent settlement is only rarely 
adopted, tanks being so constructed that the refuse runs continuously 
through them at such a low velocity as will not prevent the solid matters 
from settling. 

China-clay Washing and Grading. — China clay, either from the clay 
pits in Cornwall or in potteries, is cleansed from sfind and grit or graded by 
being carried by a current of water through a series of settling tanks or 
channels where the clay is deposited in different grades, according to the 
velocity of the current. It is difficult to settle the whole of the clay, and 
the effluent water is frequently very muddy, and requires treatment just 
as ore-washing waters do. ' 

In a recent number of the Journal of the Royal Society of Arts (26th 
January 1912, p. 274), Ih’ofessor Gee has described a simple form of centri- 
fugal machine (Patent No. 16,188, 1911) for separating china clay from the 
water and at the same time grading it. The apparatus appears to be suit- 
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able for the separation of solids from liquids in many cases other *than the 
one mentioned, and a description may therefore be useful. The apparatus 



is seen in sectional elevation in Fig. .38, and in cross section in Fig. 39. The 
drum A, fitted with a base B, is mounted on a shaft or spindle C, the whole 
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being snispended from a ball-bearing of special design at D, supported 
between girders at K. Rotation is imparted by the pulley F, to which a 
hand-brake is fitted at (1. The upper end of the drum is closed by a cap H, 
which makes a water-tight joint with tbe drum at 1, when clamped by the 
locking-ring J. This forms a species of bayonet joint. Tlie cap H has a 
hole in the middle, and is held central oii the spindle by means qf the 
casting K, which is a sliding fit on the spindle, and is connected with the 
cap by the upper ends of the six rods L. At the bottom of tin' drum at M 
is fitted a weir-plat(‘, or diaphragm. Depending from the cap into the drum 
is a kind of cage or “container,” seen best in the section, consisting of six 
vertical scpiare rods LL, to which are attached radial vanes or blades NN. 
These blades extend the whole length of the drum, being connected to the 
cap at the top end, and to a (drcular plate 0 at their lowei* end. The con- 



Fig. 39. — Gee’s Centrifugal (Cross Section) 


taiiier slides easily in th'e drum, which it divides into six longitudinal com- 
partments. Each compartment is provided with a curved plate P. It will 
be understood that the container is, in cftect, a removable lining to the drum, 
on which the recovered solids are received, as shown in the horizontal 
section at (J. The operation of the machine is as follows . — 

The requisih; speed (usually between 100 and 200 feet per second 
peripheral velocity) being attained, the water, containing in suspension the 
solid matter to be separated and graded, is fed in a steady stream through 
the hole in the middle of the cap on to the casting K, which serves the 
purpose of a distributing plate. The centrifugal force generated by the 
rapid rotation causes the water to fly to the wall of the drum and dis- 
tribute itself thereon, so that an inner wall of water is soon formed which, 
when a given thickness is attained, overflows, as indicated by the arrow at 
R, and passes out of the drum through the holes in the bottom, under the 
weir-plate M at S. 

It will be understood that a slow, steady current of water is thus 
set up in the drum in the direction of the arrows, and in passing 
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dowii the dnim the solids in suspension are gradually deposited 
on the plates which line the drum. The coarse or heavy particles 
are very quickly separated, and these an^ found near the inlet at T. 
The finer particles are carried further along before they become 
separated, until the finest arc deposited at U, near the outlet. Conse- 
(juen^ly the slab of recovered material ranges from the coarsest at one 
end to the fihest at the other, with every possible degree of (]uality in 
between. The effluent water is said to be (juite clear. When a sufficient 
charge of material has been recovered, the machine is stopped, the cap is 
unlocked, and the container drawn up by lifting gear until the bottom 
plate 0 is within a few inches of the top end of the drum. The curved 
plates can readily be removed, with the slabs of recovered material 
adhering to them ; fresh plates are inserted, the container is lowered into 
the drum and locked, and the operation repeated. Four to five 
“ journeys ” per hour are made, and each operation in the usual-sized drum 
(3 feet diameter by 4^ feet long) recovers about a quarter of a ton of 
graded material. 

Mineral-water Manufacture, Clay Mixing, Flint Grinding, Pile 
Scouring, and Cutlery Grinding. — The refuse from these trade processes 
all consists of mineral matters in suspension in water, much of the same 
nature as the discharges from stoiu} sawing or ori^ washing, and it can 
readily be purified in the same manner. 

Varnish and Paint Manufacture.— The polluting discharges from 
works employed in these trades are chielly washing waters from swilling 
the floors and utensils, and the most polluting of these is the hot water 
which has been used with soda for cleansing the various receptacles for 
containing the finished products. This latter discharge is only small in 
amount, and can be purified by neutralising with acid and passing it 
through tanks with a series of scumboards for the I’bteiition of oily matters, 
followed by straining filters of fine material. The fioor-swilling water can 
be passed directly on to the straining filters. 

Beet-sugar Manufacture, Sugar Refining, and Starch Manufacture.— 
These trade processes are not of common occurrence in this country, and 
whore they are met with, the refuse is almost always discharged into 
the sea or into tidal waters. The waste waters arc highly polluting in 
character, containing large amounts of vegetable organic matters in 
solution and suspension. They lend themselves, therefore, to a final 
purification by biological methods, which can be greatly assisted by 
preliminary chemical precipitation and settlement of solids. The purifi- 
fication of this kind of refuse has received much more attention on the 
Continent than in this country, and it may suffice here to refer to the 
bibliography of the subject at the end of the chapter. It should perhaps 
be mentioned that the treatment of such refuse is not altogether without 
return, as the recovered solids can be dried and used as food for cattle. 

Working of Salt Deposits. — In extracting potassium salts from deposits 
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in Germany in the valleys of the Elbe and Wescr, a mother liquor is left 
which has caused great trouble by being discharged into tliesc rivers or 
their tributaries. This liquor contains large amounts of uiagiiesium salts, 
and as tlie river waters arc used for the domestic supply of various towns, 
the presence of these salts has been found very obnoxious. Tliis kind of 
pollution, however, is not found in tliis country, and those wlio are inter- 
ested may refer to the bibliography at tlie end of the chaj)t('r. Similar 
pollutions, but much less extensive, occur in the separation of common 
salt from brine in the county of Cheshire, jind at a few places where 
Glauber’s salts an' prepared. 

Conclusion. — There are many other trades, such as the making of 
confectionery and i)reserves, the manufacture of margarine, candle making, 
purification of rubber, and the distillation f)f wood, which give rise to 
polluting waste waters, but apparently nearly the whole of su(;h trade; 
premises are ch'ained to sewers, and in any case wlu're it may Ix' necessary 
to purify the waste waters separately it should not be diftiemlt, guided by 
the iiiformatioii given in these; pages, te; che>ose; a satisfaedory mcthe)d. 
Although, indeed, methods of purification ha ve been suggested as applicable 
te) each of the trade waste waters dese;ribed, the se*heme best suited to any 
individual case can only be devised by bearing in mind the object of all 
these purification processes — the simplest eflcctive method of removing 
objectionable matters. 
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PUMPS, SCREENS, TANKS, FILTERS, AND OTHER 
APPARATUS. 

Pumps— Scroeiis— Simple forms —Loiigwood tlngmeeriiig Co.’s screen - Kent’s screen — 
Chambers and Hammond’s screen— Otlier forms— Meiers -Settling tanks— Prin- 
ciples ol construetion — S(*j)tic tanks — Cli(‘mi(‘,a1 preeijdtation Sludge treatment — 
Burying in trenches— Sludge-drying lilters — Sludge ]m\ssing — Straining filters — 
Biological liltration — Percolating filters- Distribution of Injuid on filter— Slate beds 
and contact beds — Land treatment — Kvajiorators and incinerators — Porion 
eva]»orator— Scott’s multi}»lc-cllect evaporator — Yaryaii evaporator-- Kestner boiler 
and evaporatoi- — Scott’s revolving incinerator— Conclusion— Bibliography. 

In doiiling with the purification of refuse from individual trades and in 
explaining the methods adopted in particular eases, descriptions have 
already been given of many kinds of apparatus used, but it may perhaps 
be useful, and will serve to show that there is in every case a choice of 
methods, if the various operations and the forms of apparatus suitable at 
each stage of the purification process are discussed in detail. 

Pumps. — It is impossible within iT'asonable limits to describe the 
various forms of apj)aratus used for raising waste waters and sludge. 
These may be found described in detail in text-books on mccliaiiical 
engineering. It may suffice here to point out that many waste waters act 
injuriously upon the metal of which pumps are ordinarily constructed. 
In many cases, therefore, it is necessary to see that pumps are made of 
gun metal or other acid-resisting material. For lifting sludge, steam 
injectors, such as are made by Messrs Mather and Platt, Ltd., Salford, have 
been found useful. They are not to he recommended for continuous work, 
such as, for instance, the pumping of the entire volume of trade waste 
water, inasmuch as their steam consumption is comparatively great ; but 
this objection does not apply to their use for lifting sludge, as that is only 
done at considerable intervals and for short periods. For short lifts 
diaphragm pumps are found very useful ' for sludge, and where the sludge 
contains fibre or other obstructive solid matter chain pumps can be 
employed. Or, the plan in use at many sewage works can be adopted, 
whore sludge is rim into an air-tight receiver and blown out by compressed 
air. These few instances may serve to show that*it is always necessary in 
choosing a pump to consider carefully the nature of the liquid to be dealt 
with. 



PUMPS, SCREENS, TANKS, FILTERS, ANT) OTHER APPARATUS. 239 

* t 

Screens. — Many kinds of tivide refuse contain quantities of fibrous 
matter and coarse solids, and these it is better to remove as a preliminary 
step in purifioa^tion, as otherwise they may interfere with the proper 
working of pumps, greatly increase the volume of sludge produced by the 
after treatment, or choke up any filters which may be used. 

Where the object of screening is simply to prevent the passage of 
materials which would interfere with pumping, it is generally sufficient 
to partition off the corner of the pump well in which the suction pipe is 
placed by means of a vertical or sloping screen of parallel iron bars, some 
^ inch in diameter and i inch apart, and this can be easily cleaned by 
means of a rake. 

The fibrous matter, if recovered by itself, has frequently a substantial 
value, as, for instance, that which accomj)aTiies the refuse from piece- 
scouring and waste-cotton bleaching (see pp. 179 and lOb) ; while amongst 
the (!oars (5 solids, which it is better to remove by screening than to permit 
to pass on into settling tanks, are, for instance, the light and defective 
grains in grain-washing waters and the spent woods in dyewaters (see 
pp. TjO and 1.‘10). For the removal of these fibres and other solids several 
kinds of screcniing a})paratus are available. 

One of the simplest arrangements consists of a box, the bottom of 
which is fornuid of perforated copper. Into this the trade refuse is 
discharged, when the fibrous or other solid matters are retained and can 
be brushed ofi', the liquid escaping through the perforations. This kind 
of screen is fre<pieiitly adopted in mills in the wool trade, one being 
placed at the outlet from each washing machine. It is found, however, 
that a great deal of tibrous matter escapes arrest ; in one case as much as 
25 per cent, of the fibrous matter recoverable was found to have escaped 
through such a sieve box. 

' A better arrangement is to form the bottom of the sieve box of 
maltkiln tiles (see h’ig. 40), such as arc used for the floor of every 
maltkiln. These tiles are usually 12 inches square and 2 inches thick, 
and are made of glazed earthenware with numerous perforations arranged 
in a particular manner. On looking at the under surface of the tile a 
series of holes is seen, about J inch in diameter and fV i^^h apart, and 
not penetrating through the tile, but leaving a shell on the upper surface 
about I inch thick, through which small conical perforations are made 
about ,-1 inch in diameter at the top, and about inch at the bottom. 
On looking at the upper surface of the tile these small perforations are 
soon in circular groups. When these tiles are used in the sieve box of 
a piece-scouring machine it is found that the liquid part of the scouring 
refuse escapes more freely than through a copper sieve, leaving the fibres 
on the tile, and that these fibres are easily brushed off from the glazed 
surface. The cost of this form of screening apparatus is insignificant, 
as the price of the tiles is only about a shilling each, and any joiner can 
readily put together the box to contain them. 
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When a screen is provided on the general outlet drain from a mill it 
may take one of the above forms, but more commonly is on a different 
plan. If the drain is a wooden trough a series of irop spikes is often 
arranged projecting upwards into the liquid from the bottom of the 
ti^ugh, and on these the waste fibres become entangled, to be removed 
from time to time by means of a rake. Obviously this form of screen 
can only be used for the recovery of fibres of some length, such, for 
instance, as those escaping from wool washing. 




SECT/O/f 

Fig. 40.— Maltkiln Tile. 

All the above forms of screening apparatus are gradually being dis- 
placed by automatic and much more effective machines, one kind of which 
has been in use in a simple form for many years at various mills, but has 
been patented in an improved form by the Longwood Engineering Co., 
Ltd., Longwood, near Huddersfield. 

Fig. 41 shows this machine. The liquid to be screened is passed 
through a half cylinder of perforated copper, '^144 perforations to the 
square inch, and each perforation inch in diameter. On this screen 
iha fiVkrAH in the refuse are cntansrled, and before they have time to pass 
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through the perforations they are caught up by a revolving bi^ish aLnd 
deposited in a box. The fibres are thus well washed in the rush of water, 
and, to a considerable extent, dried by the brushes pressing them against 
the copper sieve, and means are provided for adjusting the brushes from 
time to time as they arc worn down. The apparatus is, therefore, almost 

k 

III 



automatic, the only attention required being the removal of the collected 
fibre. The revolving brush in the figure is shown to be driven from the 
shafting of the mill, but in cases where there is a sufficient fall on the 
mill drain the flow of the refuse may be made to drive a small water-wheel, 
from which sufficient power can be obtained to drive the brushes. This 
apparatus is extremely effective, and in an ordinary woollen mill may 
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often be counted upon to recover in a year sufficient Jabre from the refuse 
waters to pay for its installation. The cost of an apparatus of this kind 
to deal with a flow of 1000 gallons an hour would be about £20. For a 
larger flow, say 14,000 gallons an hour of piece-scouring refuse, or double 
that volume of dyowater, the cost would be aboiit £35. 

Another somewhat similar screen, made by (1. Kent, Ltd., High 
Holborn, LoikIotj, large enough for a flow of 10,000 gallorus per hour, is 
shown in Fig. 42, and costs about £15. 

Messrs Chambers & Hammond, Chemical Engineers, Huddersfield, 
have recently brought into use a patent screen (No. 7090, 1912) in quite 



another form, as shown in Fig. 43. They propose that it should be used 
in the form shown for dealing with wool-washing suds. Two circular 
vertical screens revolving on the same shaft are placed in the course of 
the mill drain, with a catchpit between them to retain sand and other 
heavy impurities. The screens are formed of perforated copper, the 
perforations in the first being much larger than those in the second, and 
the copper is stretched upon a vertical iron wheel which revolves in a 
chase in the drain and up against a back plate, which prevents the escape 
of the liquid except through the screen. The fibrous matter is auto- 
matically removed from the screen by means of what may be termed a 
“rubbing plate,” or board fixed vertically against one quadrant Of the 
rotating screen at a distance of | inch from its *iace. The fibre screened 
out of the effluent is entrapped between the screen and the rubbing plate, 
and, when sufficient has accumulated, is compressed into rolls which are 



Fig. 43. — Automatic Flock Screen. (Patented by Chambers & Hammond, Huddersfield.) 
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finally discharged over the top of the rubbing plate into a tray placed for 
its reception. * The power required to work a C-foot screen, which is 
sufficient to deal with a flow of 15,000 gallons per h^ur, is said not to 
exceed J H.P., and in one such case the amount of wool recovered is said to 
bo 100 lbs. daily. The cost of the apparatus shown in the figure, including 
the settling tank, and large enough to deal with 1 000 gallons an hour, 
would be approximately £32, and for a flow of 10,000 gallons per hour £72. 
A single screen to deal with 10,000 gallons per hour would cost about £40. 

Yet another form of automatic screen which has been used for 
screening dyewaters is that patented by Mr Pearson and used for many 
years at one of the branches of the Bradford Dyers’ Association. A very 
similar screen is described and illustrated in the Mittcilungen aus der 
Koniglichen Prufungsansfaltj Berlin, 1908, vol. 10, p. 104, as in use at a 
woollen mill near Berlin, and it has been introduced into this country by 
the Chadwick Machine Co., Ltd., Textile Engineers, Cleckheatoii. These 
two screens are in the form of a revolving cylinder covered with perforated 
copper or wire gauze. The refuse is discharged into the interior of the 
cylinder, when the water escapes through the perforations, and the fibre, 
caught on the inner surface of the perforated lining, is carried by the 
revolution of the cylinder to a point where in one case it is removed by 
a “doctor” or scraper, and in the other case is blown by compressed air 
or steam on to a conveyor or travelling band which deposits it in a 
receptacle provided for the puri)()sc. 

Two other forms of screen have be(‘n described in connection with the 
treatment of grain^washing refuse. 

Meters.— In all cases it is advisable, and in some cases, as, for instance, 
when trade refuse is received into a sewer on terms of payment, it may be 
necessary to use a meter to record the flow. Such a meter should always 
be placed so as to measure the flow of the refuse after the fibre and gross 
solids have been removed by screening, as these would otherwise interfere 
with the working of the meter. In some cases it may be found convenient, 
and it would certainly always give more reliable results, to measure the 
effluent after purification. 

There are many forms of meter on the market. One of the simplest 
is in the form of a single or double tipper (see p. 272), which passes on a 
definite volume each time it discharges. To the axle of the tipper a 
ratchet arrangement is fixed, by means of which the number of discharges 
is recorded, so that it gives a very reliable measurement of the total 
volume passing during any given period. This arrangement is not suited 
to the measurement of large volumes, as the wear and tear on a large 
instrument is very great. 

In the water softener of Lassen and Hjort the contrivance adopted for 
the measurement of chemical precipitants (se^ p. 260) is actuated by such 
a tipper, and can readily be made to record the flow of water passing 
through it, as well as to regulate the quantity of precipitant. 
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Ailother form of meter, more suitable for the measurement of larger 
volumes, is the Lea recorder, made by the Lea Recorder Co., Manchester. 
This is in the forn> of a tank with a V-shaped notch outlet, provided with 
a float and clockwork recorder wliich gives the rate and amount of flow in 
a diagrammatic form. The accuracy of this instrument depends upon the 
true se4ting of a curve upon a metal cylinder, and in all cases it is necessary 
to check this by some other means of measurement, as, for instance, the 
filling of a tank, but when such a check has once been carried out the 
results arc very reliable. The cost of an instrument of this kind to 



measure a flow approximating 1000 gallons an hour is about £30, and for 
a flow of 10,000 gallons an hour £40. 

Another form of meter which has been found useful, for example at 
Huddersfield, for recording the flow of trade refuse discharged into the 
sewers, is made by G. Kent, Ltd., and shown in Fig. 44. The refuse is 
made to rise through an orifice in which a small turbine or fan is placed, 
and by means of the revolutions imparted to the fan the quantity of liquid 
passed is shown upon a counter. The price of a meter of this kind to 
deal with a flow of 10,000 gallons per hour would be about £10, but if a 
mechanical strainer is addetl, and this is usually necessary, the total price 
would be £25. 

Messrs Kent also make a V-iiotch discharge recorder (‘‘Irrigation” 
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meter), shown in Fig. 44a, which has been successfully used for measuring 
the flow of trade refuse. 

Kent’s Venturi meter, well known in connection with measuring water 
supplies, can also be used for measuring waste waters, and as the firm have 
recently patented a method of measuring chemical precipitants according 
to the flow, by means of a Venturi tube, a combination of the two in\ontions 
may be found extremely useful (see p. 262). A 2-inch rdbording Venturi 
meter for a flow of 1000 gallons per hour costs £90, while a 6-inch meter 
for a flow of 10,000 gallons per hour costs £1.35. 

Other water .meters, for example the Helix and the Bee meters, made 
by the Leeds Meter Co., lAd., for smaller flows, and Clcnfiold and 
Kennedy’s meter for larger, are also suitable for the measurement of 
refuse waters. 

Settling Tanks. — In preceding chapters descriptions .and illustrations 
have been given of several forms of settling tank. The most j)rimitive 
form is that of a square or oblong tank, into which the liquids are 
received and allowed to undergo (piicscent settlenu'nt. This form is 
still generally used in seak tanks for th(5 recjovery of grease from soapy 
liquids (see p. 112). In the Archbutt-Dcelcy process of Messrs Mather 
and Platt, Salford, such tanks are also used both for water softening and 
for the purification of trade refuse, but the deposition of the solids is 
assisted by a patent device. Some of the sludge is always retained in 
the tank, and after the tank has been filled with the licpiid to be treated, 
jind after the addition of the precipitant, this old sludge is blown up by a 
current of air so ar to mingle thoroughly with the rest of the tank con- 
tents. By this means all the finer suspended matters arc agglomerated 
into particles of larger size, which readily settle when the agitation of 
the tank contents ceases. The results of this method as applied to the 
refuse from a woollen^mill are given on p. 1.58. 

The adoption of this quiescent form of settlement entails considerable 
attention, inasmuch as someone must be present to close the inlet of the 
tank when it is filled and to let off the liquid contents and the sludge at 
proper times. . 

Quiescent settlement is not, however, necessary, for it has been found 
that even when the liquid is passing continuously through a tank of 
sufficient capacity the lessened velocity causes almost complete settlement 
of the suspended solids. When the liquid enters by a pipe inlet and 
escapes by a similar outlet the solids chiefly settle in that part of the tank 
which lies directly between the inlet and the outlet, and the settlement is 
very incomplete unless the capacity of the tank is very large in comparison 
to the flow of liquid. The effectiveness of such a tank is enormously 
increased by causing the liquid to enter over a sill which extends the 
whole width of the tank, and to escape over a similar sill, and this can 
easily be attained by interposing a wooden trough at the inlet and again 
at the outlet (see Fig. 32). This arrangement, as stated on p. 184, 
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equdlises the velocity of the current over the whole width of the tank and 
reduces it to a niinimum. In such a tank the movement of the liquid is 
for the most parfc confined to tho superficial layer, especially if the liquid • 
is warm as it enters. 

As has been frequently mentioned, the waste waters coming from a 
mill yary greatly in character at short intervals, and better results are 
obtained if tho* various liquids are mixed as thoroughly as possible. This is 
best attained by the provision of a preliminary mixing tank (see p. 140), in 
which some form of stu’ring apparatus may be provided (see p. 175), or, 
where the liquids have to be pumped, by making the pump well of sufficient 
size ; but the same advantage may be to some extent gained by placing a 
baffling wall or wooden partition across the whole width of the settling 
tank, by means of which the incoming liquid is directed downwards and 
made to mingle with the body of liquid already in the tank (see pp. 184 
and 196). As suggested on p. 197, such a baffle wall should not reach 
down too near to the bottom of the tank, or the incoming liquid wdll stir 
up and carry along with it some of the solids already deposited. 

The tendency for tlie movement in a liquid passing through a tank to 
affect mostly the suj)erficial layer has much to do with the settlement of 
suspended solids ; these, as they are carried down by gravity out of the 
more rapidly moving li(piid, fall into comparatively quiescent layers, where 
they have increased op[)ortunity of settling to the bottom of the tank. 
This fact is often taken advantage of in tanks of considerable length by 
interposing a submerged wall across the middle. Such a wall reaches from 
the floor to the same level as that of the inlet and outlet sills, so that the 
liquid passes over it in a thin stream, and behind it there is formed a com- 
paratively quiescent pool in which the solids can more readily settle. 

In nearly all cases it is necessary to provide scumboards for the 
purpose of preventing floating solids from escaping in the tank effluent. 
The simplest form of scumboard consists of an 11-inch plank placed so 
os to float edgewise across the whole width of the tank ; when floating 
freely between guides such a plank will always stand about 2 inches out 
of the water. It should be placed within a foot of the outlet sill, when 
the effluent will escape from underneath it and leave the floating solids 
behind (sec Fig. 37). 

In a settling tank such as the above the floor should be formed in such 
a way as to facilitate the settlement of the solids and the removal of the 
resulting sludge. The bulk of the solids, especially the heavier portion, 
settles near tho inlet end, and tho tank should therefore be deepest at this 
end and should have the sludge outlet here. The floor should have a 
considerable slope towards this end, say 1 in 40, so that the sludge, 
if very liquid, will flow the outlet, or can easily be pushed down by 
means of a broom or squeegee. 

When a tank is being cleaned it is never satisfactory to deal with the 
liquid contents along with the deposited sludge, and an elbow-jointed 
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pipe or floating arm (see Fig. 45) should always be provided in order 
to decant the top water before discharging the sludge. Another con- 
trivance of this kind is shown in Fig. 46 ; the decanting valve consists 
of a cast-iron standard in water-tight sections set within a tank, and 
each section can be raised in turn by means of a screw, so that the tank 
contents can be drawn off in layers. • 

Perliaps the best arrangement of settling tanks such a*s the above is 
that shown in Fig. 37. The method of use and its advantages are set out 
on p. 196. Tanks arranged thus have been inU’oduced at the sewage 
works of the Bradford Corporation, and it may be noted that whereas 



Fig. 46. — Floating Arm. (From Dunbar’s Hewage Treatment.) Fig. 46. — Decanting Valve. 


with an older form of settling tank the sludge produced was always very 
liquid, containing over 95 per cent, of moisture, it is now easy to obtain 
a sludge with less than 85 per cent. 

The value of this reduction of moisture can be appreciated from the 
curve shown in Fig. 47. The ordinates of the curve, using the upper row 
of figures, represent the tons of sludgci, containing one ton of dry solid 
matter, when the moisture present is varied from 0 to 90 per cent., these 
percentages being indicated by the abscisste. By using the lower row of 
figures the same curve shows the rapid increase in the weight of sludge, 
containing a constant amount of dry solid matter, as the percentage of 
moisture is increased from 90 to 99. Thus in the former case, if no 
moisture is present there is a ton of dry solid matter ; if there is 60 per 
cent, of moisture, 2 tons of sludge contain 1 ton of dry solid matter ; 
whereas if 90 per cent, of moisture is present, there will be 10 tons of 



PUMPS, SCREENS, (TANKS, FILTERS, AND OTHER APPARAljns. 249 

• 

sludge although the dry solid matter is not increased. In the latter case 
a tun of sludge containing 90 per cent, of moisture will be increased to 
6 tons if 98 per cent, of moisture is present, although it contains the same 
amount of dry solid matter. 

A new form of settling tank (see Fig. 48) has recently been brought 



go 91 92 93 94 95 96 97 9 6 99 I0( 

Fio. 47.— Relation of Weight to Moisture in Sludge. 

into use by L’Kpuration, Soci^tc anonyme, 59 Rue de Namur, Brussels, 
in their Vial system of sewage purification and water softening. Tanks 
of this kind have been constructed at Ostend Sewage Works. Each tank 
there is 147 feet long, 16| feet wide, and has a capacity of 275,000 
gallons, equal to the daily quantity of sewage passing through it. 

The sewage passes into each over a sill extending over the whole 
breadth of the tank, first into a wedge-shaped compartment 15 feet deep, 
where the grosser solids settle, and then over a submerged wall into a 
larger compartment, the bottom of which is of the same depth at the inlet 









JUMPS, SCREENSI TANKS, FILTERS, AND OTHER APPARAfUS. 251' , 

• 

eud, l)ut slopes upwards to an outlet sill at the further enti. In this 
second compartment eleven submerged walls are provided, each extending 
across the whoJe width of the tank and to some depth in the liquid, but 
not to the bottom of the tank, and over each of these the sewage flows 
in a shallow stream about half an inch in depth. Scumboards are also 
projirided to keep back floating matters. The object of this arrangement 
is to make the sewage flow from one end of the tank to the other in as 
slow and as superficial a current as possible, while the main body of the 
liquid in the tank is kept nearly quiescent, so as to allow of the settlement 
of the suspended solids iinniediatcly they fall out of the current, the sub- 
merged walls serving the purpose of checking the current underneath the 
surface and directing downwards the particles of suspended matter. The 
sewage is said to take about fifteen minutes to pass through tlie tank. 

The sludge is discharged from the tanks by bottom valves under 
pressure of the liead of water, three times a day from the first or wedge- 
shaped compartment and continuously in small amount from the second 
compartment. It is therefore nec-essarily very liquid in character, 
containing about 95 per cent, of water. 

In the tanks ahx'ady described the main flow of the liquid is in a 
horizontal direction, but it is found that in a settling tank in which the 
liquid is made to flow in an upward direction the suspended solids carried 
in it are more readily deposited or left behind by the current, when that 
is sufficiently slow. The deposition of the suspended matter with such an 
upward flow is probably in great part assisted by the entanglement of the 
finer particles, which are being carried upward in th«5 current of licpiid, by 
the grosser particles as I;hese fall to the bottom of the tank. Perhaps the 
earliest form of upward-flow settling tank is that known as the “Dort- 
mund,” which was adopted for the settlement of the Dortmund sewage 
about 1886. Many variations of this tank have t)een introduced, and one 
of the best known is that used at the Birmingham Sewage Works for the 
separation of the humus or fine suspended matter from the effluents of the 
percolating filters, and this, by the kindness of Mr J. D. Watson, is shown 
in Fig. 49. This tjink has a pyramidal bottom and is sc^uare in the upper 
portion, the liquid entering by a pipe which dips down into the middle of 
the tank, with a velocity at entry of 1 to 2 feet per second. As it emerges 
from the pipe it spreads out laterally and rises in the lower portion 
at a gradually decreasing velocity, until it reaches the upper portion, 
through which it rises at a rate of some 7 feet per hour. This check in 
velocity allows particles in suspension to fall to the bottom of the tank, 
and, in falling, to entangle and agglomerate other particles. The sludge 
thus collected is forced into the sludge pipe by the pressure of the over- 
lying water on opening a valve, and the sludge pipe is arranged vertically 
so that any obstruction can be pushed out by a rod. The settled liquid 
escapes over a series of wide weirs on the wall of the tank, so that the 
velocity of exit is checked. 






PUMPS, SCREENS, I TANKS, FILTERS, AND OTHER APPARATUS. 253 

Another tank of similar form, shown in Fig. 60, has reotiitly been 
sanctioned by the Jjocal Government Board at Batley Sewage Works. 
This tank is provided with movable scrapers, worked from a central 
spindle, for detaching any sludge which may adhere to the sloping tank 
wall. Evidently bettor results could be obtained from this tank if the 
inlet pipe were prolonged downwards and the outlet were in the form of a 
weir or trough. These alterations have in fact recently been made with 
good results, and similar tanks, in which these improvements have been 
adopted, are shown in Fig. 29. 

In another form of tank both the upward flow of liquid and the 



provision of a submerged wall liave been adopted, as shown in Fig. 51. 
Tanks of this kind have been constructed at several of the sewage works 
of the llotherham Rural District Council, and when made of a capacity equal 
to the average daily flow of sewage passing through them, have been found 
exceedingly eftective in removing the solids from a precipitated sewage. 

In Waite’s apparatus, shown in Fig. 20, the principle of upward flow is 
adopted, and the advantage of reducing the velocity (see p. 13.3) is gained 
by dividing the li(piid passing through the first tower between the two 
final towers. 

In Mackey’s apparatus (Fig. 22), although the principle of upward 
flow is adopted, an object altogether different is aimed at ; the liquid is 
passed into the tank at its lowest point, where the sludge naturally 
collects, so that the incoming liquid must pass upwards through layers of 




Section cross section 

Fig. 51. —Settling Tanks with upward flow and submerged wall. 
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slut^ge previously deposited, and these entangle the suspended matters 
carried in tlVe liquid, agglomerating the finer particles and converting 
them into coarser solids, in which form they settle more readdy. This 
carries out continuously the principle which is carried out intermittently 
in the Archbutt- Deeley process (p. 156). 

An ingenious form of tower for the settlement of suspended matters, 
which avoids the necessity for pumping, is that of the Gesellschaft ftir 
Wassorversorguiig iiiifl Abwjisserbeseitigung, Berlin (see Fig. 52), supplied 
in this country by the Septic I'ank Co., Ltd., Westminster. In this 
apparatus, the inlet pipe, the sludge pipe, and the outlet pipe are all 
made to dip into small wells kept charged with liquid, that which receives 
the outlet pipe being at a somewhat lower level than that into which the 
inlet pipe dips. This diffVirenco in level is necessary to produce the 
syphonic action upon which the working of the apparatus is based. A 
fourth pipe has its origin in a funnel at the top of the vessel and serves 
for the escape of greas() and other floating matters. 

In commencing to use the apparatus the valves at the foot of the 
inlet, outlet, and sludge pipes arc closed, while that on the grease pipe is 
opened, water is turned on from the water main, and the vessel is filled 
until the water overflows through the grease pipe. The valve on this latter 
is now shut, and those on the inlet, outlet, and sludge pipes are opened, 
when the syphonic action begins, and any water entering the small well 
at the inlet side is sucked into the vessel, rises to the top, and escapes by 
slits in the horizontal arms of the outlet pipe. Sludge settles to the 
bottom and escapes by the sludge pipe. Where thq liquids dealt with 
contain greasy matters, these rise to the top and can be lot oft' from time 
to time by closing the inlet, outlet, and sludge pipes, and turning on the 
water from the main. If at any time the syphonic action is stopped by 
the accumidation of air or gas at the top of the* vessel, the air can be 
discharged by opening the valve on the grease pipe, closing all the other 
outlets, and at the same time turning on the water from the main just as 
when the apparatus is started. 

All these tanks in which the principle of upward flow is adopted have 
a great advantage in that their shape permits of their being emptied of 
sludge by means of the head of water they contain, and while they are 
still in use. With this in view, care is taken to construct the tanks with 
a more or less conical bottom, into which the sludge falls as into a funnel. 
When a valve on tliis funnel is opened, any desired amount of sludge is 
forced out by the weight of superincumbent water. Sludge thus obtained 
is, however, very liquid, containing usually over 95 per cent, of water, but 
the method has the advantage that the sludge need not be drawn olF at 
the level of the bottom of the tank (see Figs. 49 to 51), and thus little of 
the available fall is lost, afid sludge filters can be placed at a higher level, 
^an advantage which is often of considerable importance. It is found in 
practice that a liead of 4 feet of water is sufficient to express the sludge. 
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The capacity of settling tanks req\xired for the treatment of any waste 
waters is naturally dependent upon the volume to he treated, and upon 



" 1 1 

; J Depos»t 

" I ■ r 
1 

1 

1 : Chamber 

! : 

1 1 

• : 

1 1 

1 ! 

t 

1 

1 1 

1 1 

J 


Fig. 62.— Patent Cylindrical Tank. (The Septic Tank Co. , Ltd . ) 

the character and amount of the suspended matters present, and is also 
dependent on the form of tank chosen. In dealing with a liquid such as 
coal-washing refuse, where the specific gravity of the suspended solids is 
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high compared to that of water, so that they readily settle, ordinary tanks 
of a total capacity of half a day’s flow are sufficient to allow of perfect 
settlement, but tjie deposited solids are so large in amount that they take 
up a good deal of the available tank capacity, and extra tanks are there- 
fore necessary. For licjiiids such as soapy waters or dye waters, containing 
.sugpeijded matter of low specific gravity, the rate of settlement is much 
slower, and tanks of jarger capacity are rcquisitci. For such liquids, 
ordinary settling tanks should be large enough to hold two days’ flow. 
Where up^^ard flow tanks, such as those of Waite and Mackey, and the 
Dortmund tank, are used, equally good results may be obtained witli half 
this tank capacity. It must be borne in mind, however, that with tanks 
of the ordinary form it is always necessary to have one or more in reserve 
to be used while others are being cleaned out, so that, as has been pointed 
out (p. 1 96), it is of advantage in such a case to have them subdivided 
into a number of units, so that when one is being defined only a small 
proportion of the tank room is out of use. In (dioosing a pftrticular form 
of tank regard must be paid chiefly to the available site and also to the 
necessity or advantage of pumping the refuse. 

In devising ji scluano which includes settling tanks of the ordinary 
form the hibour of dealing with the sludge must alwfiys be kept in view, 
and if possible the tanks must be constructed so that the sludge will flow 
from them by grfivitation. Should the iifitural bdl of the ground be 
unfavourfible, this can be accomplished by providing a sump, into which 
the sludge will flow, and from which it can be removed by pumping. 

Septic Tanks. — In describing the methods adopted •by various quoted 
authorities for dealing with liquids contfiining considerable amounts of 
organic matter, mention has frequently been made of treatment by septic 
tanks. These have no special form, except that they have to be arranged 
with an inlet and outlet both dipping underneath the surface of the ii(|uid 
in the tank, and full descriptions will bo found in all text-books on sewage 
disposal. The name given to them refers to the method of treatment 
adopted, in which the liquid is retained in the tank until putrefaction has 
so far advanced that the solid matters in suspension become partially 
broken down. When this method of treatment was first introduced it was 
hoped by the inventor that this breaking down of the solids would proceed 
so far that all organic matters would be brought into solution or gasified, 
and that the sludge difficulty would disappear ; but this hope has not been 
realised, and the reduction of sludge is in no case very complete. Septic 
tank treatment of liquids containing organic matter can never by itself 
suffice to produce effective purification, and the opinion is now generally 
held that it does not serve to bring them into the best condition for 
subsequent biological treatment, as they are almost wholly robbed of 
^ dissolved oxygen and contain sulphuretted hydrogen. Septic tank treat- 
ment is seldom to be recommended for trade waste waters, and if it is 
adopted the deposited sludge alone should be allowed to become septic, 
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while the clarified liquid is passed on for further treatment in a compara- 
tively fresh state. This is the object aimed at in the Hydrolytic Tank of 
Dr Travis (sec Tli/t Surveyor, 1908, vol. .33, p. 673), and the Emscher Tank 
of Dr ImhofF (see The Surveyor, 1901), vol. 35, p. 625). 

Chemical Precipitation. — Chemical prccipitants may he regarded as 
acting in two distinct ways upon the lapiid treated. Some combine with 
dissolved matters to form or to liberate insoluble solids ; others are used 
to produce voluminous precipitates wdiich entangle fine particles suspended 
in the liquid, and greatly hjistcn their rate of settlement. For instance, 
lime is often used to preci])itale a soapy liquid by the formation of a heavy 
lime soap, and acid is used to set free the insoluble fatty acids from a 
greasy liquid such as wool-washing refuse ; while, on the other hand, lime 
with sulphate of alumina or with ferrous sulphate produces a voluminous 
hydrate which entangles fine suspended particles and forms a lake with 
colouring matter. 

The choice of a proper precipitant and the amount to be used depend 
upon the nature of the liciuid to be treated, and should always be decided 
from the result of laboratory experiments. Instances of the use of the 
commoner prccipitants, lime, sulphuric acid, alumino-ferric or sulphate of 
alumina, and ferrous and ferric sjilts, have been given in describing the 
treatment of diflferent kinds of refuse. It is obvious that if too great a 
quantity of any of these is used some will escaj)c in the treated effluent, 
and may be harmful to discharge into a stream, but it is generally easy 
to guard against this. Jt is often, for instance, raised as an objection to 
bhe use of lime as .i precipitant, that an effluent containing lime may be 
very harmful to users of the water lower down the stream into which it may 
be discharged, but if any lime escapes in the effluent it must be considered 
as needlessly wasted. The lime should be used as carefully as It is in 
softening a calcareous water, where it actually reduces the amount of the 
lime salts originally present in the water. 

The methods adopted for adding prccipitants are often extremely crude 
and wasteful. When lime is used it is too often thrown into the liquid in 
the solid unslaked form, when much of it falls to the bottom of the settling 
tanks and remains unutilised, or in some cases so much is added that the 
liquid is either rendered very hard, or the excess acts as a solvent of 
previously deposited sludge. When alumino-ferric is the precipitant, a 
slab of it is generally placed in the mill drain, where it dissolves away in 
quantities which are often either too small for effective precipitation, or so 
large that there is a needless waste. Where acid is used it is too often 
added to a tank full of liquid in pailfuls without making any test of the 
proper quantity required. 

Lime is best employed in the form of milk of lime, which should be 
prepared in a special apparatus such as is shown in Fig. 53. Lime 
sufficient for a day’s use is placed in the cask, water is turned on until it 
overflows, and the paddles are kept constantly revolving. The amount of 
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^milk- ot lime overflowing can be regulated with considei*auie moety by 
varying the I’ate at which water enters the cask, and this is found to bo 
a great advantage in mills where the waste waters vary greatly in 
volume or character, and especially where they are at times acid in 
reaction. By increasing the flow of water into the lime mixer at such 
times a full dose of the milk of lime is added to the acid refuse. 



The same apparatus can be used for adding alumino-ferric or copperas 
in solution, but in that case the overflow pipe should be brought up from 
the bottom of the cask. In that case, too, the solution of the precipitant 
must bo aided by the use of steam or hot water. 

There are many othd^' contrivances for adding precipitants in liquid 
form either in proportion to the flow of refuse at the time, or in continu- 
ously regular quantities. One such has already been described in connec- 
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tion with Waite’s apparatus (sec p. 133). Another quite different form is^‘ 
that used by Lassen and Hjort in connection wdth their water softeners. - 
The same apparatus can, as already mentioned (see p. 244), be 
used both for measuring the flow and for regulating the amount of 
precipitant. The refuse to be treated is discharged from a pipe into 
one compartment of a double tipper, and when this is full the tipper 
falls over and receives the refuse in the other compartment. The axle 
of the tipper is continued into the tank containing the liquid pre- 
cipitant, and there actuates a valve in the bottom of the tank, which 
opens with each movement of the tipper sufficiently to allow the proper 
dose of precipitant to escape. On this axle metal paddles are also 
fixed which serve to keep the liquid precipitant constantly agitated. 
As above suggested, the axle of the tipper may at the same time be 
made to record the number of discharges by an ordinary form of 
ratcliet movement. 

In works where the refuse must be pumped it is an easy matter, by the 
use of a subsidiary pump worked off the shafting of the main pump, such 
as is mentioned on p. 144, to ensure that the precipitant is added in 
proportion to the amount of liquid raised. 

In works where the tanks are in the form of a tower the labour of 
carrying the precipitants to the top of the tower can easily be avoided by 
mixing or dissolving them wdth water in a tank at the ground level and 
raising the mixture by means of a chain pump. If this is actuated by a 
small water-wheel, which in turn is driven by the force of the refuse water 
entering the tower, the amount of precipitant raised will be in proportion 
to the flow of the refuse, and this method has recently been adopted by 
Mr Mackey in connection with his plant described on p. 139. 

Another apparatus for adding dissolved precipitants in regular and 
measured quantities is Siiown in Fig. 54, as in use at Wakefield Sewage 
Works for adding a solution of ferric sulphate to the sewage. The 
precipitant in solution is nm into a feed tank in which it is kept at a fixed 
head, for example, by governing the inlet with a ball valve. From this 
tank it is fed into one of three glass cylinders. Each cylinder is provided 
with a restricted outlet, and when the liquid it contains stands at a known 
level, the amount escaping from the orifice can be ascertained by actual 
measurement. So long, therefore, as the level of the li(piid in the cylinder 
is kept constant, a known and regular amount of precipitant is escaping, 
and this constant head can be maintained by regulating the tap on the 
outlet from the feed tank. Each cylinder has three marks, at which levels 
the amounts of precipitant discharged are in the proportion of 1,2, and 3, 
and by using the cylinders separately or together the rate of flow of the 
precipitant can be regulated with great exactness. 

An ingenious method of adding licjuid precipitants in direct proportion 
to the flow of the liquid treated has recently been introduced by G. Kent, 
Ltd. (see Jmirn. ^%c. Dyers atid Colorists^ March 1912, p. 108). The 
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apparatus h«3 the advantage that it can also be adapted for the regis- 
tracion of the flow of the liquid. Fig. 55 shows the apparatus, to which 
the patent name of Tiltometer has been given. The crude waste 
water flows through a Venturi tube, which is a pipe throttled to take 
advantage of the principle that the velocity of the liquid in passing through 
the ihroat or restricted part of the tube is increased and the pressure 
proportionately dimhiished. The upstream and throat portions of the 
tube arc separately connected to pipes containing floats, which are con- 
nected one to either end of a tilting beam ; the beam in its turn operates 



Fig. 54. —Apparatus for adding Liquid Precipitants. 


a tilting tank in which a constant level is maintained by a ball cock, the 
outlet of the tank being furnished with an adjustable orifice on a projecting 
arm. The working of the apparatus is as follows : — As the crude waste 
water flows through the Venturi a difference of level corresponding to the 
rate of flow is produced in the float pipes, and this causes the tank to tilt, 
with the result that the end of the projecting arm is lowered to a distance 
below the constant level of the precipitating reagent in the tank, exactly 
proportionate to the rate of flow of the crude waste water in the Venturi 
tube. This allows the regent to escape from the tank in proportion to 
the rate of flow, and by adjusting the orifice the dose of precipitant may 
be increased or decreased as desired. The precipitant flows into a funnel, 
from which it is led to the mixing tank. The price of the Tiltometer 
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for flows of refuse between 1000 and 10,000 gallons per hour jp from £80 
to £100. . • . 

Sludge Treatment. — Sludge, as it is discharged from any kind of 
settling tank, a*lways contains a large proportion of water ; in some cases, 
as has been mentioned, more than 95 per Cent., and at the best seldom less 
than 80 per cent. In this condition it is a semi-li(]uid sloppy material 
exceedingly difticult to handle, and as in most cases it has to be finally 
disposed of at some little distance from the purification works, it is usually 
necessary to dry off the moisture so as to bring the sludge into a condition 
in which it can be removed by spade and cart. This drying also diminishes 
the weight of material to be removed, for, as pointed out on p. 248, when 
the moisture in a sludge is reduced, say from 90 to 70 per cent., the weight 
is reduced to onc-tliird. 

hnryiiKj hi 'IVeuches . — When sutticient area of land is available it is 
(piite possible to deal economically with the wet sludge by burying it in 
trenches in the ground, and, in fact, this method is one of the cheapest 
that can be emi)loyed. 

The disposal of sewage sludge in this manner has been described in the 
Fifth Report of the Royal Commission on Sewage Disposal, 1898 (p. 171), 
where also estimates of the cost arc given. The method has now been in 
use for over throe; years at Wakefield Sewage Works, w’hcre the sludge has 
been largely produced from the treatment of trade refuse. The soil in 
which the sludge is there buried is about as unsuitable as can be imagined, 
and yet the sludge has been disposed of with very little trouble, and as 
the cost has been carefully ascertained, some descrij)tion and details of the 
method as there practised may be useful. 

Tarallel trenches are dug in the soil, the excavations being 3 feet wide 
and 1 J feet deep, with a space of 5 feet between, upon which the excavated 
soil is piled up. The trenches are d\ig some time;* before they are re(]uired, 
as it is found that the soil, which is a stiff clay, absorbs moisture from the 
sludge more easily after being weathered. The sludge is run by gravita- 
tion from the settling tanks, where it has been precipitated by lime and 
ferric sulphate, into a sludge well, and thence is pumped into an iron main, 
through which it is distributed to the trenches. These are filled to a 
de[)th of 2 feet, and after most of the water has percolated away or 
evaporated they are again filled with sludge to the same level, and this 
process is sometimes repeated a third time. The sludge is allowed to dry 
for some time (generally about three weeks in ordinary weather), and the 
soil between the trenches is then filled in until the land is level again. A 
plan and section of the trenches are given in Fig. 56. A new trench can 
be dug in the 5-foot interval between the original trenches, and a further 
amount of sludge deposited there, and after a sufficient time has elapsed 
for the sludge to consolidate and become partly incorporated with the soil, 
the process can be repeated over the whole area. 

At Wakefield, the cost of making and filling the trenches amounts tp 
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Fio. 57.— Sludge Filter. 


sufficient land for the adoption of the above method is available on a 
manufacturer’s premises. 

Drying on Sludge Filters . — The commonest method of drying tlie sludge 
is by running it on to a sludge filter where the moisture can easily drain 
away, and the construction of such a filter is an important matter, 
inasmuch as with an imperfect filter the period rccpiired for drying the 
sludge may extend over months, whereas if the filter is carefully made 
less than a week may suffice. 

In one form of construction (see Fig. 57) the filters are built in bays, 
each bay having brick walls round three sides and a concrete bottom, 
which slopes with a good gradient towards the fourth side. This fourth 
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Bide is closed by wooden battens sliding in grooves in the briokv. ork. On 
the floor of filter throe lines of perforated pipe drains are laid, and on 
these is placed f^lio filtering material of engine clinker, varying iroin pieces 
2 to 3 inches in size at the bottom to fine clinker freed from dust at the 
top, and in all about 18 inches deep. The clinker is heaped up at the 
bact^ of the wooden battens, so that any liquid escaping must pass through 
it. Just outside the^ wooden battens there is a channel in the concrete 
which receives the liquids draiining from the sludge. 

This escaping liquid is seldom sufficiently pure to be discharged to a 
stream, and the purification works should be so arranged that it can be 
readily returned to the settling tanks to be purified along with the crude 
refuse. This is an easy matter where the crude refuse is received into a 
pump well and lifted into settling tanks, for in such a case the filters 
should be so placed that they will drain into the well. In other cases the 
settling taid^s have to be emptied by pumping, and then the sludge filters 
can be placed at such a level that they will drain back into the tanks. 

Another form of filter is constructed with four brick retaining walls 
and a concrete floor, the latter sloping from either side to a central 
channel. This channel is covered by flat stones or tiles, resting on 
supports which raise them from the surface of the concrete. The under 
drainage is carried out by covering the whole surface of the concrete 
with rough stone pitching, such as is used for the foundation of a 
macadamised road, the stones being laid parallel to the ends of the tank, 
so that liquids draining away arc directed to the central channel. The 
filtering material consists of engine clinker, arranged as shown in Fig. 58, 
with a very fine layer, freed from dust, on the surface. In one case the 
cost of such a filter of 38 s(|uare yards in area amounted to £30; in 
another case a similar filter of 224 square yards area cost £73 ; the price 
in both cases including material and labour. * 

The successful use of this filter, as of the last, depends upon careful 
management. It is essential in both cases thjit a sufficient number of 
filters should be provided, so that at all times some can be 'out of use for 
cleaning and resting. The sludge should never be poured on to them to 
a greater depth than one foot. In a few days, in dry weather, the sludge 
is sufficiently dry to be removed by spade, and if the removal is carefully 
done a little of the top layer of fine material is lifted off with the sludge, 
leaving a surface quite clean and unclogged. A little fresh fine material 
is sprinkled over the surface and the filter is at once ready for another 
dose of sludge, although it is better to leave it exposed to the air for at 
least a week. The advantage of having a filter upon which a charge of 
sludge can be dealt with once a fortnight need hardly be pointed out, and 
similar results eould be ensured in wet weather by placing a roof over the 
filters, as, indeed, is often*done by manufacturers who have greasy sludge 
to deal with. 

The time taken for the drying of a very liquid sludge can be much 
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shortened by drawing off the supernatant water, which quickly separates 
after the sludge has been discharged on to a filter. Several forms of 
decanting valve are on the market, hut perhaps the simplest contrivance 
is to board off one corner of the filter with planks in which 2-inch holes 
are bored at different levels. These holes arc closed by plugs which are 
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removed as the sludge sinks below them, thus allowing supernatant water 
to escape. This water is generally rather foul, and should in all oases he 
returned for treatment along with the crude refuse. 

Where the sludge produced from trade refuse has a manurial value, 
and where there are stables upon the manufacturer’s premises, a patent 
method of sludge disposal which has been adopted at Penrith Sewage 
Works may be found very useful. The sludge at Penrith is yery liquid, 
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being forced from the settling tanks by hydraulic head. For its reception 
four beds have been provided, similar to those in Fig. 57, with concrete 
bottoms and brujk walls round three sides. In these beds a layer of straw 
or stable litter is placed some 6 inches thick, and this is covered by a 
layer of li(|iiid sludge ; then another layer of litter is laid, followed again 
by a* covering of liquid sludge, and the proc(!Ss is repeated until the bed is 
full. At the open ei;d of the bed the litter and sludge are kept in place 
by battens. The bottom of the bed is freely under-drained by means of 
perforated half-pipes placed on the concrete floor, and from these a 
number of perforated upright pipes are brought up to the surface for 
drainage and aeration. Hy this arrangement the water escapes rapidly 
from the sludge, filtering through the straw, and in a very short time the 
whole contents of the bed are consolidated into a mass which is easily dug 
out to be carted away. The straw used is partly litter from the Urban 
District (foimcirs st'ables, partly straw got from a farmer in exchange for 
grass from the sewage works, and partly litter from adjoining private 
stables. Each of the beds is emptied about once in six weeks, and there is 
no ditliculty in selling the contents to farmers at Is. fid. per load. 

r»y treatment upon filters such as those described above the moisture 
in a sludge can be reduced to 75 per cent., and the sludge thus dried is 
brought into a condition in which it can be easily carted away. By 
referring to Fig. 47 it can be calculated how very greatly this drying 
reduces the weight of material to be removed. 

Sludge Premng. — Where a sludge consists of very fine particles such 
as the fuller’s earth from blanket scouring, it is very retentive of moisture 
and very difficult to dry in any ordinary sludge filter. In such a case it 
may be advisable to j)ress the sludge in a press similar to that used at 
sewage works, described in all text-books on sewage, and made in various 
forms by Messrs Manlove, Alliott A Co., Nottingham ; S. H. .Johnson A Co., 
Ltd., Jjondon ; John Wilson A Son (Johnstone), Ltd., Johnstone, N.B., 
and numerous other firms. 

It is often found advantageous to settle a liquid sludge and remove 
the supernatant water before it is passed into a filter press, as has been 
described above in dealing with sludge on sludge filters. By doing this the 
moisture in the sludge may be reduced from 95 to 85 per cent., and the 
amount of sludge to be pressed to one-third. It is frequently found that 
the addition of 1 per cent, of lime to a sludge enables it to be pressed much 
more rapidly and perfectly, as the lime forms insoluble soaps with any fatty 
matter present and acts upon the fine suspended solids so that they lose 
their retentiveness of moisture. By pressing, the moisture in a sludge 
may be reduced to something under 60 per cent., and the cake produced 
is easily handled. The^ Royal Commission, 1898, in their Fifth Report 
(p. 170), give the total cost of sludge pressing, including lime, fuel, 
labour, press cloths and repairs, and also interest and sinking fund, as 
between 28. 9d. and 3s. 9d. per ton of press cake produced, containing 55 
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per cent, water, or between 7 *3(1. and 8*7d. per ton wet sludge, containing 
90 per cent water; but at Leeds, as already mentioned (p. 119), the cost, 
without including interest and sinking fund, only amounts to Is. 8d. per 
ton of press cake. 

In drying sewage sludge great att(*.ntion has recently he(;n paid to the 
use of centrifugal machines, but for the most part these are more costly and 
less efficacious than sludge presses. The new centrifugal drier, however, 
described on p. 230, appears much simpler in construction and easier to 
manipulate than any previously on the market, and is likely to be found 
very useful in dealing with sludge. 

The sludge produced from trade refuse and dried as described is, 
generally speaking, a useless material. In some cases it may contain a 
sufficient amount (say 15 per cent.) of grease to bt* worth recovery by a 
solvent process; in other cases the nitrogenous organic matters present 
may make the sludge useful as a iiianure ; or the vegetable matters 
present may bo sufficient to give the sludge a calorific value ; but most 
often the sludge must be tipped upon a waste heap or used to fill up 
hollows or old quarries. 

The (juantity of sludge likely to be produced from a trade refuse can 
be roughly estimated by ascertaining the amount of suspended matter 
present, bearing in mind that the weight of sludge containing 00 per cent, 
moisture is ten times the weight of the dry solids it contains. Thus, for 
example, from the analyses in Table LXXIV. it can be calculated that, in 
the samples there referred to, a ton of wet sludge containing 00 per cent, 
moisture may be expected from 400 gallons of coal- washing refuse, 7000 
gallons of piece-scouring refuse, 10,000 gallons of tannery refuse or 
dyewater, 27,500 gallons of brewery refuse, or from 40,000 gallons of 
papermakers’ refuse. 

Taking into account the volume of waste water produced in any of 
these trades, it will at once be evident what enormous amounts of sludge 
are discharged when the crude refuse is permitted to enter the streams. 
Indeed, no manufacturer can beforehand be made to appreciate the amount 
contained in his waste waters, and in a very large number of cases thq 
quantity of sludge actually produced has opened his eyes to the great 
waste of valuable materials which has been going on unnoticed. The 
saving he has in consequence been able to effect has often gone far to 
repay him for the cost he has incurred for the purification of his refuse, 
or has even yielded a considerable profit. Instances of this have already 
been given in the wool, coal, and paper trades. 

Straining Filters. — In most cases it is inadvisable to depend for the 
purification of trade refuse on precipitation or settlement alone. The 
tank effluent generally requires filtration, and in all cases this is desirable 
as a safeguard against the escape of floating or suspended matters. In 
many cases it is sufficient to pass the tank effluent through a straining 
filter, and this can be constructed like the sludge filter shown in Fig. 58. 
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Filters soon become clogged by the suspended matters arrested upon the 
surface and should then be dried off so that the coating of mud can be 
removed. It is necessary, therefore, that they should be made at least in 
duplicate, so that one can be resting while the other is in use. 

Filters of this kind are in common use at waterworks, but in that case 
sand is the medium usually employed and is, generally speaking, too fine 
for straining trade effluents, as the suspended matters they contain are 
greater in quantity and would soon choke the sand. Filters for straining 
trade effluents are much oftener constructed of well-graded clinker. 

In place of ordinary sand filters there are many mechanical high- 
pressure filters used for water purification, and some of these, such as those 
of Bell Bros. (Fig. 25), Candy, Hoyles, and Mather and Platt, can be adapted 
for the efficient removal of suspended matter from tank effluents. These 
have the advantage, which has been described in the case of Bell’s filter, 
that they can be automatically cleansed. Another filter possessing this 
advantage is the Wilson filter, which has already been described in 
dealing with the refuse from the paper trade (p. 88). 

Biological Filters. — In suggesting methods of purification for waste 
waters containing organic matter in solution, mention has repeatedly been 
made of biologicjal filters. These have now come into common use for the 
purification of sewage, and detailed descriptions of their construction and 
working can bo found in any of the text-books on sewage, such as those of 
Dibdin (p. 88), Moore and Silcock (p. 629), Ilaikes (p. 222), Dunbar 
(p. 187), and Kershaw (p. 254). See also p. 64. 

Percolating Filters.— 1\\ selecting a method of Qpnstruction and the 
needful distributing apparatus for a filter for the purification of trade 
refuse, regard must be had to the ordinary working of the filter in the 
hands of an employee of the manufacturer. The scheme adopted must 
not be too costly ; the apparatus must be as simple as possible ; the works 
must be nearly automatic in action and must require a minimum of 
attention. Success will be found to depend in the first place on the 
adequacy of the means adopted, secondly on the attention given to the 
details of construction, and thirdly on the care taken to keep the works 
in good order. 

The size of the filter must depend upon the quantity of liquid to be 
dealt with and upon the amount of polluting matter it contains, and in 
making the necessary calculations it must be borne in mind that usually 
the discharge of trade refuse occurs only during the working hours of 
the day. For a rough guide it may be said that at the least a cubic 
yard of filter must be allowed for every 50 gallons per day of a strong, 
well-settled liquor, or for every 100 gallons of a weaker precipitated 
liquor. 

It will rarely be pracficable to deal with crude refuse upon a biological 
filter. The suspended matters must generally first be removed in settling 
tanks, and it will often be advantageous to use chemicals to neutralise undue 
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acidity or alkalinity, or to bring some of the dissolved matters out of 
solution so as to retain them as sludge in the settling tanks. As a general 
rule no attempt should he made to filter a lifpiid until the suspended 
solids have been reduced below 10 parts per 100,000. 

The ordinary apparatus for distribution on such a filter by tncans of 
rotating sprinklers or jets is somewhat costly to install and requires a good 
deal of attention. A simple method of distribution, which has been found 
efTectivc both on a small scale and when dealing with large amounts, has 
been brought into use for dealing both with sewage and trade refuse, and 
a description of a filter thus equipped may be found of service. The floor 
of the filter should be of some impervious material, preferably of concrete, 
and should be laid with a considerable slope to an outfall channel, which 
should run along one side of the filter. A false floor should be provided 
and may be constructed of slates or flat tiles supported on rows of bricks 
set 6 inches apart, or, better still, of specially made half-pipes or s<|uare 
tiles on feet, such as those of Naylor Brothers, Denby Dale, or Stitt' A Co., . 
Birmingham. It is not absolutely necessary to provide a false floor, but 
when this is omitted sj)ecial care must be taken to have the bottom layer 
of filt(;ring material in large pieces, so as to ])crmit of the escape of finely 
divided solids with the cflluent. Tnstesid of the false floor a layer of stone, 
arranged in tlui same way as is usual in making the foundation of a road, 
may be laid on the concrete floor (see Fig. 58). In any case care should be 
taken to arrange matters so as to facilitate the free escape of the effluent, 
with its suspended solids, to the outfall channel. When the filter stands 
above ground the vv^^ills may be of brickwork, of stone and mortar, or of 
dry rubble, slag, or clinker. If put together without mortal’ they should 
be built vertical on the inside, and with a batter of one in three on the 
outside, as in winter the li(piid in the outer portion of the filter is liable 
to freeze and thi’ust the wall outwards. If the space available is limited, 
and a vertical dry rubble wall is preferred, it can be strengthened 
sufficiently by using vertical wood battens placed 18 inches apart on the 
outside of the wall and binding them together with strong wire. There is 
no necessity for the filter to stand above ground ; it is rather advisable to 
have it under ground level, as it is then hidden from sight and protected 
to a great extent from frosty winds, but when sunk in the ground it should 
be constructed with the side towards the outlet channel free, so that air 
can easily enter both by the false floor and through the wall on that side. 
If the false floor is well made there is no necessity to have pervious walls. 
In fact, solid walls arc an advantiige in that they minimise the danger of 
nuisance from flies, which arc apt to breed in the crevices of a dry wall. 
The shape of the filter is immaterial and will depend upon the available site. 

The filtering medium used may be of any resisting material, such as 
broken stone, gravel, slag, or clinker— such a sulJstance, in fact, as will not 
readily break down under the alternate wetting and drying to which it is 
subjected. The depth of the filter is also immaterial, but preferably should 
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not be less than 3 feet nor more than 6 feet. The full effect if such a 




• Fig. 59.— Percolating Filter. 

filter cannot be obtained until the medium has become “ ripened ” by the 
growth of the purifying organisms on it, and in dealing with some kinds 
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of trade refuse it is desirable to incorporate in the top layer of the filter 
some medium from a filter which has been in use at sewage works, or to 
dose the filter for some time with weak sewage, or urine from stables or 
cowsheds, before it is brought into use for dealing with trade refuse. 
Such a preliminary treatment of the filter is especially to be recommended 
when the trade refuse consists of licpiids which have been rendered sterile 
by boiling, such, for instance, as spent gas li(pior (see p. 3.1), distillery 
refuse, or waste dye waters. 

The most important point is the proper filling of the filter, and the 
medium must be graded with great care. In a filter 6 leet in depth (see 
Fig. 59), the first layer in the bottom, on the false floor, should consist of 
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Fig. 60. — Wooden Tipper. 


hand-picked pieces 3 to 4 inches in diameter, to the depth of 6 inches , 
above this should come a 3'foot layer consisting of pieces between 3 inches 
and l.l- inch in size; then a 12-inch layer of material which has passed 
through a l^-inch riddle and luis been kept back by a ^-inch riddle; 
followed by a 6-inch layer of sizes from | inch to I inch ; and finally on 
the surface there should be a 12-inch layer of fine material composed of 
particles which have passed through J-inch mesh and been retained by a 
mesh of inch. A filter of 3 feet depth should bo constructed like the 
upper 3 feet of the above. The s\irfacc layer of fine jnatcrial should be 
banked round the sides of the filter to a height of 3 inches or so above the 
general level, and to a width of 6 inches within the external wall, so as to 
prevent any liquid overflowing. 

A tank effluent, if passed on to the surface of such a filter directly and 


^ PtjilPS, SCkBBUS, TANKS, MtTES^, AND OTHNll APPARiTTJS. 

: V , . , 1 ^ < 

continuously, will sink at once through the material and only reach 
the parts mc<re distant from the inlot after the filter surface has become 
partially clogged. To obviate this the tank effluent must be applied in 
flushes, and this object is attained by the use of special apparatus. The 
simplest form of this apparatus is a tipper such as is supplied by Messrs. 
Ham Baker & Co., Ltd., Westminster; Messrs. Tukc & Bell, Ltd., 69 
Ledidenhall Street, Loudon, K.C. ; and Mr W. E. Farrcr, Cambridge Street, 
Birmingham ; lint fdr a small installation one can be made of creosoted wood 
by any village carpenter (see Fig. 60). The capacity of the tipper should 
be according to the flow of refuse and area of filter. For a filter of 100 
square yards in area, and a flow of 400 gallons an hour, a tijiper of 20 
gallons would be required, and this would give at each discharge a 



Fig. 61. — Duuble Tipper. 


quantity of J gallon of liquid per square yard of filter. These tippers are 
sometimes made in a double form (see Fig. 61), so that if placed across the 
middle of a filter they discharge first on one side and then on the other, 
and a double tipper, each half of which holds 10 gallons, is preferable to 
one so large as 20 gallons in capacity. It is not advisable to have a single 
tipper of a capacity greater than 20 gallons, or discharging oftener than 
twenty times an hour : that is, dealing with a flow greater than 400 gallons 
an hour : and when the flow is larger than this, it must be divided between 
two or more tippers. As an apparatus like this is liable to be affected by 
frost, the tipper may require to be protected by a wooden cover, or, where ♦ 
the circumstances are suitable, may be placed underground in a manhole. 
Other forms of apparatus for discharging the tank effluent in flushes, which 
can be used in suitable cases are supplied by Messrs Adams, Ltd., Ames 
Crosta, Ham Baker & Co., Ltd., Mather & Platt, Ltd., or Tukc Bell, Ltd. 
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The better to ensure the distribution of the liquid over the whole of 
the filter, it is necessary to provide special channels to convey it to all 
parts of the surface, and this can best be done by laying a series of level 
drains of ordinary butt-jointed field pipes in herring-bone fashion upon the 
surface ; or, better still, glazed pipes of the same shape, for the field pipes 
are very liable to be injured by frost. Into these pipe channels the tank 
effluent is discharged in intermittent flushes, and the liquid is distributed 
over the whole of the filter, a little escaping by every joint in the pipes. 
Each discharge is thus absorbed by the top layer of fine material, which 
takes it up like a sponge and gives it out slowly from the under surface 
to percolate gradually throughout the whole body of the filter, ily the 
provision of valves or plugs on the distributing pipes tlie li(]uid can be 
kept oft' any part of the filter which may require to be rested or cleansed. 

A filter such as the above, complete in every respect, costs approxi- 
mately ten shillings })er cubic yard. 

In the effluent from a filter of this kind, there is at times a considerable 
quantity of humus or fine suspended solids, and these should be removed 
cither by 2 )assiug the effluent through a small sc'tlling tank, having a 
capacity equal to two hours’ flow, or through a shallow filter of .3 or 4 imdujs 
of sand lying upon fl inches of gravel, or, better still, over a small 
area of grass land. The liquid as it comes from the pcu’colating filter 
is generally free from offensive matters, and will greatly stimulate the 
growth of grass. 

The surface of the filter will from time to time need to be scraped to 
remove any sludge or grease, and when this is done a little fresh material, 
similar to that forming the surface layer, should be added to keep the 
filter to its original depth, and the opportunity should be taken to adjust 
tlie drain pipes to the proper level. With slight attention the filter 
sliould be practically pcnnaneiit. 

Slafe Beds and Coutacl Beds . — Another biological method of purific.Jt- 
tion is by means of the slate beds or contact beds of Mr Dibdin, such as 
are very often used for the purification of donujstic sewage, fl’hey are 
seldom to be recommended for the purification of trade refuse, except that 
the slate beds may be found useful in the purification of liquids containing 
large (juantities of animal matter, such as the refuse from glue manu- 
facture or tripe boiling, for they are effective in reducing the offensive 
smells that these Ikpiids are liable to evolve. It may here suffice to refer 
to the description of them in Mr Dibdin’s writings. 

Land Treatment. —In place of a straining or biological filter it may 
sometimes be preferable to pass a tank effluent over land, and where there 
is a sufficient area of suitable land it is better than any filter, (^uite as 
much care as in the case of a filter is, howevei*, necessary to ensure proper 
distribution of the liquid over the surface, and due attention must be 
given to changing the area under irrigation at short intervals, or the 
surface will become choked and “ sick.” 
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If the area is sufficient and there is a good covering of g uss on the 
soil it is usually hotter to adopt broad irrigation, but if the area is 
restricted and the soil is not too porous, intermittent downward filtration 
may be resorted to, dividing the laud into plots of suitable size and 
flooding these in turn. In this case the plots should, from time to 
time, be cleansed of deposited solids and thoroughly tilled. In deciding 
the area of land necessary for the treatment of a litpiid, regard must 
be paid to the nature of the soil and to the cliaracter of the liquid, 
especially to the amount of suspemded solids. The Local Government 
Board s.ay that in dealing with sewage the maxim urn quantity of liquid 
which can be dealt with on the best soil is 30,000 gallons per acre per day. 

Evaporators and Incinerators. — It has several times been suggested, 
for instam^e in connection with wool-washing suds and the kicr liquors 
from pa})(U‘ works and bhuich works, that it may be {idvantageous to get 
rid of these' lapiids by evaporation. The simplest method of doing this 
is to boil the li(pnd in an op(ui vessel, but, as the utmost that can 
bo expect'd from this process is the evaporation of some 8 lbs. of 
water per pound of coal used as fuel, it will be found an expensive pro- 
ceeding. It is used at some of the blast furnaces in Lanarkshire for 
evaporating spent gas liipior, but there enormous quantities of waste gas 
are available. The evaporation of a similar li<|iiid in the specially con- 
structed gas furnac.e shown in Fig. 4 is a distinct advance upon the fore- 
going method. As will be readily imagined, the distribution of the liquid 
in the furnace in the form of a spray considerably aids vaporisation. 

The same efl’ect is ainu'd at in the Porion evapojator, which is in use 
for spent gas liquor at the Dalmelliugton Ironworks, Ayrshire, and also 
for the kier li(iuor from the boiling of esparto grass at the llishtoii Paper 
Mill of Messrs A. M. Peebles & Son, Ltd. A plan and section of this 
evaporator is shown in Fig. ()2. In this figure it will be seen that in 
addition to the evaporating chamber K, there is an incineration chamber 
6, the two being separate<l by a combustion chamb(ir c. The Ikpior to 
be evaporated is run into a flat pan over the combustion chamber 
where it becomes heated nearly to boiling point. It is allowed to run 
from this pan in a regular flow into the evaporation chamber K, where 
two paddles, i, are kept constantly revolving, dipping at each revolution 
into the liquid so as to throw it up in a fine spray. Through this spray 
the hot gases from the incinerating chamber and the combustion 
chamber c, pass on their way to the chimney J. When the liquid is 
sufficiently concentrated by this evaporation it is run into the incinerating 
chamber b, where the flames of the furnace a play upon it and complete 
the evaporation, finally igniting the combustible matter in the dry residue. 
Owing to the presence of so much moisture in the contents of the 
incinerator the con[fl:)ustion is by no means complete, and for this 
reason a special combustion chamber c is introduced, whore the combus- 
tion process is completed by the aid of burning fuel. 
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Tho apparatus is very fully described by Mr Davies in a paper read 
before the Scotch Paper Makers’ Association in November 1888, and 
quoted by W. Naylor, F.C.S., in his book on Trades’ Waste. Mr Davies 
says that for dealing with paper makers’ lye at 10* Tw. (1-050 specific 
gravity), a Porion evaporator is by far the best, but suggests that 
liquids weaker than this should first be concentrated to the above strength 
by other means. Ho states that in the evaporation chamber 11 Jibs.' of 
water may be evaporated per pound of fuel, and in addition 8 lbs. of water 




Fig. 62.— Porion Evaporator. (From Naylor’s Waste.) 


for every pound of dry organic matter burned in the incineration of the 
dried solids obtained from the liquid itself. 

It luis been stated that the exposure of a liquid to heat in the form of 
a fine spray considerably lessens the amount of fuel required to evaporate 
it, and this amount can be reduced still further by boiling the liquid 
at a lower temperature. This is effected by using a vacuum pan, in 
which by means of an exhauster the pressure on the liquid is reduced. 
This form of evaporator is (piite commonly used in many trades, for 
instance in sugar boiling, and in making extracts of vegetable substances. 
Such pans are made by many firms, as, for instance, Messrs George Scott 
& Son, London, the Mirrlees Watson Co., Ltd., GlrfJsgow, and the Kestner 
Evaporator and Engineering Co., Ltd., London. 

By an ingenious application of this principle a “multiple effect’’ 
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oan be produced by utilising the heat contained in the vapours arising 
from one evaporation of the liquid to boil the latter again at a lower 
pressure; anci apparatus constructed for this purpose is made by the 
three foregoing firms. 

Scott’s multiple effect evaporator consists of a series of vessels (Fig. 63), 
into the first of which the liquid to be evaporated is admitted at the 
bottom and flows upwards through a series of vertical pipes, surrounded 
by a steam jacket, into the evaporation chamber. The liquid is thus 
caused to boil and the vapour passes into the steam jacket of the second 
vessel. The partially concentrated liquor is allowed to flow from the 
first vessel into the bottom of the second vessel, when^ it is further 
evaporated in the same way but at a lower pressure, and this process 
is repeated in the remaining vessels at successively reduced pressures. 
The necessary vacuum in the various vessels is maintained by means 
of a pump and surface condenser attached to the evaporation chamber 
of the last vessel. 

It is impossible within the limits of a treatise such as this to give any 
detailed explanation of the method of working a Yaryan evaporator, but 
Fig. 64 will give some idea of the apparatus. The evaporator shown is 
threefold, the same process being repeated three times at successively 
lower temperature and pressure, and each section (sec No, I.) consists of a 
heater T, an evaporating chamber A, and a separator I), where the vapour 
is separated from the liquid being concentrated. A condenser and vacuum 
pump, not shown in the illustration, are placed at the end of the series. 

The topmost chamber A is heated by steam frmn an ordinary boiler, 
and the liquor, previously warmed in the heater T (as will be explained), 
passes through a coil of tubes B within the chamber and surrounded by 
the steam, and is made to boil. The coil of tubes B is continued into the 
separator D, in which the pressure is reduced, and there the steam which 
has been generated separates from the lujuor, which is thus to this extent 
concentrated. 

The process in the next section (No. II.) is the same, except that the 
steam used for heating the chamber F is not here obtained from the boiler, 
but is the steam from the liquor separated in the first separator D ; the 
liquid in the interior of the coils G is the already partially concentrated 
liquor from the first separator D ; and the pressure in the second separator 
J is again lower. 

The concentrated liquid is passed through the third section and treated 
in the same way, the steam from the previous evaporation being used to 
heat it, the pressure in the separator being less than that of the atmo- 
sphere, and the vapour from the last separator being condensed by an 
ordinary condenser. ^ 

The liquor which is being evaporated is passed upwards through the 
three heaters and reaches the topmost chamber A at or near boiling point, 
by being in each carried through a series of coils, R, S, T, which are 
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Fig. 63. — Scott’s Multiple Effect Evaporator. 
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boated externally by the condensed water from the chambers A, F, and L, 
This condensed water finally runs to a tank where it is stored for use. 

The passage of the liquor through the apparatus is brought about by 
the action of a vacuum pump, the pressure in the various separators being 
regulated once for all by the adjustment of certain valves on the connecting 
pil^s. 

By this multiple' effcc^t fipparatus the concentration of the liquid can 



Fig. 64.— Yaryaii Triple Effect Evaporator. 


be continued to any desired extent, and the evaporated water is condensed 
and can be used for feeding boilers or other purposes. 

The Kestner evaporator, as will be seen from Fig. 65, is somewhat 
simpler in construction. Each section consists essentially of a tube about 
20 feet long containing a number of pipes, upwards through which the 
liquid to be concentrated is passed at a slow rate. The tube is heated by 
steam from a boiler which causes the liquid at the bottom and inside the 
pipes to boil, and the bubbles of vapour rapidly increase, until at a height 
of 3 to 6 feet from thg bottom they form a continuous stream, causing 
the liquid to form a film on the inside of the pipe. The speed of this core 
of vapour is greater than that of the liquid, and this latter is carried up 
in a thin film to the top of the pipe, where there is a contrivance for the 
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Fio. 65.-— Kestner Evaporator. 
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separation of the steam from the liquid. This steam is U8ed,/i.8 in the 
Yaryan appal^tus, for heating a second tube, and in a “ multiple effect ” 
apparatus the wjiole process is repeated several times, the necessary reduc- 
tion of pressure in the tubes being produced by a condenser and vacuum 



Flc. 65a — Kestiier Boiler. 

pump. The Kestnor apparatus is rendered much more economical by the 
adoption of a special boiler (see Fig. 65a), which is fed by the liquor to be 
evaporated, so that ther^ is no waste of heat in the production of steam in a 
separate water-fed boiler, but all is used for the concentration of the liquor. 

After an evaporation process it is frequently necessary that the 
residue should be burnt, sometimes for the recovery of some valuable bye- 
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product, as, for instance, the potash salts from wool washing (p. 109), or 
the soda from kior liquors in the paper trade (p. 88). This may be 
accomplished either on open hearths, as in the Porion plant (Fig. 62), 
or in some form of revolving incinerator, such as that made by Ernest 
Scott (Jo., Ltd., London, which is shown in Fig. 66. This latter consists 
of an iron cylinder lined with fire-brick, whi(;h (;an be made to revolye on 
a central a.\is slightly inclined to the horizontal. Under this cylinder 
at its lower end a furnace is provided, by means of which the interior 
can be raised to a high temperature, the furnace gases being conducted 
through the interior of the cylinder. material to be incinerated is 



Fig. 66. — Revolving Inciiieratur. 


introduced into the upper end of the cylinder in the fonu of a semi-liquid 
sludge and, aidi'd by the revolution of the cylinder, falls gradually to the 
lower end, parting with its moisture to the hot gases as it travels. At 
the lower and hotter end of the cylinder all the moisture has been 
evaporated, and the resulting cake or powder catches fire, being thus freed 
from much of its organic matter, and leaving a crude carbonate of potash 
or soda behind. This can be lixiviated with water and causticised for 
re-use as described on p. 88. 

Conclusion. — In f selecting apparatus for the purification of waste 
waters two things should be particularly borne in mind. The waste waters 
almost invariably change greatly in character and volume at very short 
intervals. It is imcessary, therefore, to obtain somewhat exact informa- 
tion of the average composition by taking samples at frequent intervals 
throughout the whole of the working day and mixing those for analysis in 
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vohimes proportioned to the rates of flow. It is also necessary to design 
the plant so that the various discharges arc mixed as thoroughly as possible 
before treatment. In the second place, the manufacturer almost constantly 
underestimates the volume of his refuse, and it is necessary to estimate 
carefully the maximum discharge to he expected during any working day, 
bear^ig in mind that the discharge usually takes place during ten hours of 
the twenty-four, althojigh in many cases it may be expected that at times 
the mill will be working overtime or even continuously. Works must be 
designed to deal with the maximum flow of refuse during the period of 
its discharge. 

The management of purification works is nearly as important as their 
ade(pmcy and proper construction. The best of tanks and filters may soon 
become useless if they are not kept clean and in good order. A scheme 
which has been designed to include chemical ])recipitation is not likely to 
succeed when the; precipitants are not added continuously and in pro^Mir 
(piaiitities. The most general cause of failure of proi)crly constructed 
works is the neglect to remove the sludge at regular intervals, and this 
should always be carefully attended to. As has already been pointed out, 
care should always be taken to have a sufficient number of sludge filters, 
and the tanks and filters should always be so arranged as to make the 
labour of sludging as light as possible. For this reason tanks of the 
Dortmund form, or like those of Waite & Mackey, are generally to be 
preferred, as they can he cleansed of sludge by simply opening a valve. 

Above all, it is not to be expected that any purification works will bo 
successful unless the m.anufacturer himself takes an intelligent interest in 
their construction and management. 
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DISCHARGH OF TRADE WASTE WATERS TO 
PUBLIC SEWERS. 

Rocomniendations of earlier Royal Commissions— Geiiei-al law on the subject— Legal 
(Incisions— Local Acts of Parliament— Third Report of the Royal Commission on 
Sewage Disjiosal, 1898 — Local Acts based on this Report— Procedure of local 
authorities — Comparison of ordinary domestic sewage and crude trade refuse— 
Regulations and agreements — Preliminary treatment required — Liability of manii- 
facturor for pollution— Bibliography. 

In the foregoing chapters it has been proved tliat for a niamifacturcr who 
discharges his trade waste water into a stream there are means available 
for purifying it so that it will have no harmful effect. It has been shown 
that although in some cases he may find the purification process profit- 
able, in the majority it will entail on him no inconsiderable outlay for the 
construction of works and a constant expense for their upkeep. 

There is, how'ever, generally an alternative course which he may follow, 
for if a public sewer is available it may be possible for him to come to 
terms with the Sanitary Authority for the reception and treatment of his 
trade refuse. In the interest of the purity of the streams this is indeed 
the- better course to adopt, for it avoids the necessity for separate purifica- 
tion works at every mill in a district, with the multiplied chances of 
neglect or mismanagement, and substitutes one set of purification works 
under constant and more or less skilled supervision. It will also be 
obvious that such a course will be more economical. So long ago as 1872, 
indeed, the Rivers Pollution Commission, 1868, in their Fourth Report, 
p. 105, recommended this course, for they say that 

“ any law having for its object the prevention of river pollution should give 
power to all manufacturers in towns, except those of gas, paraffin oil, pyroligneous 
acid, and animal charcoal, and workers in metal, to discharge their drainage 
waters into the town sewers under suitable regulations.” 

In the past, for various reasons, many manufacturers have been able, 
with or without the knowledge and consent of the Sanitary Authority, to 
oonnect up their mill drains with the public sewers. Very often this has 
resulted from the fact that the mill premises were originally drained into 
a small water-course or stirface water drain, which was afterwards con- 
verted to a common sewer and connected up to sewage disposal works. 
Formerly, when the sewage of towns was generally discharged into streams 
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without any attempt being made to purify it, it was a matter of little 
momeut to a Sanitary Authority whether or not they received trade refuse 
into the sewers, and many existing connections date from this period. 
Sometimes a Sanitary Authority have allowed a manufacturer to connect 
up his drains because they find him a profitable customer for their water 
supply or a large ratepayer, and in other (siscs the same policy has been 
followed, because the manufacturers are the most influential men in the 
district. As a result, about half of the manufacturers in the country 
have obtained this privilege, and in cflbct are relieved of the responsibility 
of purifying their refuse. The other half, who discharge their refuse to 
streams, are not only responsible for its eft’ectivc })urifi cation, but often 
liave to contribute through the rates towards the purification of the refuse 
of their more lucky neighbours, who may be conn)ctitors in the same trade. 

The general ratej)aycr views the matter from a ditterent standpoint. 
The admission of trade refuse to the sewers of a town almost always 
renders the sewage more difficult to purify (see p. fl09), may bring about 
serious injury to the sewers by the action of the trade refuse, and at least 
involves the construction of larger sewage works to deal with the larger 
volume. The ordinary householder naturally objects to this increased 
burden on the rates, duo to what he considers should legitimately be a 
charge upon the trader; whil(‘ the trader in another line of busiiK'ss, who 
has no li([uid refuse to get rid of, objects perhaps more strongly, inasmuch 
as he himself nearly always has to pay for the removal and disposal of any 
solid refuse he may produce. 

The present coiglition of affairs has thus given rise to great dissatis- 
faction, and the whole matter was in 1898 referred to the I loyal Commis- 
sion on Sewage Disposal, who in their Third Report, issued in 1903, made 
most important recommendations, wliicli will be dealt with later. Until 
the I ’resident of the Local Covernment Board sees fit to introduce fresh 
legislation based on these recommendations, the matter is governed by the 
existing law, which is contained in the following Acts of Parliament:— 

THE PUBLIC HEALTH ACT, 1875. 

Section 15. — Every Local Authority . . . shall cause to be made such 
sewers as may be necea.'^ary for effectually draining their district for the 
purposes of this Act. 

Section 21. — The owner or occupier of any premises within the district of 
the local authority shall be entitled to cause his drains to eni]>ty into the 
sewers of that authority. . . . 

THE RIVERS POLLUTION PREVENTION ACT, 1870. 

Section 7. — Every sanitary or other local authority having sewers under 
their control shall give facilities for enabling manufacturers within their 
district to carry the liquids proceeding from their factories or manufacturing 
processes into such sewers : 

Provided that this section shall not extend to compel any sanitary or 
other local authority to admit into their sewers any liquid which would 
prejudicially affect such sewers or the disposal h^ sale, application to land, or 
otherwise, of the sewage matter conveyed along such sewers, or which would 
from its temperature or otherwise be injurious in a sanitary point of view ; 

Provided also, that no sanitary authority shall be required to give such 
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facilities as aforesaid where the sewers of such authority are only sufficient 
for the reguirements of their district, nor where such facilities would interfere 
with any order of any court of competent jurisdiction respecting the sewage 
of such authority. 

THE PUBLIC HEALTH ACTS (AMENDMENT) ACT, 1890. 

{This Ad must be adopted by a Sanitary Authority before it becomes 
operative within their District.) 

^ Skction 1G. — (1) It shall not be lawful for any ])erson to throw, or suffer 
to he thrown, or to pass into any sewer of a load authority or any drain com- 
muniaating tlic.rt^wfth, any matter or substn-nce by which the free flow of the 
sewage or siirface or storm wat,er may be interfered with, or by which any 
such sewer or drain may be injured. . . . 

Skction 17. — (1) Every person who turns or permits to enter into any 
sewer (jf a load authority or any drain communicating therewith — 

{a) Any chemical refuse, or 

(/>) Any waste steam, condensing water, heated water, or other liquid (such 
water or other liquid being of a higher temperature than 110 degrees 
Fahrenheit,), 

which, either alone or in combination with the sewage, causes a nuisance or is 
dangerous or injurious to health, shall be liable to a i>enalty not exceeding 
ten pounds, and to a daily jienalty not exceeding live pounds. 

Although tho law as expressed in these Acts is at first sight sufficiently 
clear, legal difficulties have arisen on many points, and have had to be 
decided by expensive litigation. For example, it has now been settled 
that under Section 15 of the Act of 1875 as a[)plied to England, a Local 
Aiitbority are not obliged to make sewers larger than is necessary to take 
the domestic sewage of their District. In the case of Peebles v. Osivald- 
tioistle Urban District Council (1898, A.C. 387), it was decided by the 
House of Lords that where the sewers of a District are alleged to be in- 
sufficient, the proper remedy is by complaint to the* Local Government 
Board under Section 299 of the Public Health Act, 1875, and when Messrs 
Mallalieu made a complaint under this section that the Saddleworth 
Urban District Council had made default in that they had not provided 
sewers sufficient to take their trade refuse, the Engfish Local Government 
Board held, after inquiry (21st June 1898), tliat the Sanitary Authority 
had not made default, implying that they did not consider it the duty of 
the Autliority to make their sewers large enough to take the trade refuse 
of their District. This, as will afterwards be shown, is not the view of the 
Local Government Board for Scotland. 

Again, in the case of Brooh {Limited) v. Melthani Urban District 
Cotmcil (1908, 2 K.B. 780), it was held by the Court of Appeal that 
Section 21 of the Public Health Act, 1875, does not give a manufacturer 
a right to discharge his manufacturing effluent into the sewers of the Local 
Authority ; and this is confirmed by Lord Macnagh ten’s judgment in the 
case of the West Ridiiu^ of Yorkshire Rivers Board v. ButterwortU and Roberts 
(1909, A.C., at p. 54). 

Section 7 of the Rivers Pollution Prevention Act, 1876, seems at first 
sight to be sufficiently clea^* and definite, but, while the first part of the 
Section insists upon the duty of the Sanitary Authority to take the liquid 
trade refuse into the public sewers, tho provisoes added there and the two 
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Sections of the Public Health Acts (Amendment) Act, 1890, give ample 
scope for legal disputation. 

There are perhaps few kinds of trade refuse which, if mixed in a crude 
state with ordinary domestic sewage, would not affect prejudicially the 
disposal of sewage, and there are many kinds of trade refuse which could 
be shown to affect the sewers prejudicially, or to be injurious from a 
sanitary point of view. Moreover, a Sanitary Authority can often easily 
show that their sewers are only sufficient for the reception of the domestic 
sewage of their District, or that their sewage works are not large enough to 
deal with trade refuse, and it has been held in the case of Brook {TArnited) v, 
Meltham Urban Districl Council (1909, A.C. 4il8) that the word “ sewers ” in 
the proviso covers the whole sewerage system, including purification works. 

In a District in which a new sewage scheme is being carried out, it is 
easy for the Sanitary Authority to make their works only large enough to 
deal with domestic sewage. It is indeed the view of the English Local 
(lovernment Board that such works need not be large enough to take trade 
refuse. On the other hand, the Local (Jovc'rmmmt Board for Scotland 
(Murray, Iloyal Commission on Sewage Disposal, 1898, First Beport, 
vol. ii. p. 16, Q. 191), advised by their law officers, have come to the con- 
clusion that a Sanitary Authority in making new sewers must provide 
them large enough for all the sewage of their District, including trade 
refuse as well as domestic sew'age ; but the Scotch law on the matter is 
somewhat different, being governed by the Public Health (Scotland) Act, 
1897, afterwards (jiioted. Many Sanitary Authorities have made their 
sewers big enough for both kinds of liquids, while their sewage disposal 
works are only sufficient for dealing with domestic sewage, so that if it is 
decided in the future that they must deal with trade refuse, the sewers will 
not re({uire to be relaid, and an extension of the sewage works will meet 
their increased needs. ® 

Before the above-mentioned cases were decided, several Sanitary 
Authorities obtained special Acts dealing with the matter. These are : — 

GLASGOW POLICE ACT, 18G6. 

WOLVERHAMPTON IMPROVEMENT ACT, 1869. 

HUDDERSFIELD IMPROVEMENT ACT, 1871. 

NOTTINGHAM AND LEEN DISTRICT SEWERAGE ACT, 1872. 

NOTTINGHAM IMPROVEMENT ACT, 1874. 

DEWSBURY IMPROVEMENT ACT, 1884. 

BURY IMPROVEMENT ACT, 1885. 

HASTINGS IMPROVEMENT ACT, 1885. 

WALSALL CORPORATION ACT, 1890. 

WOLVERHAMPTON CORPORATION ACT, 1891. 

THE WEST RIDING OF VORKSHIRE RIVERS ACT, 1894. 

BILSTON IMPROVEMENT ACT, 1890. 

BRADFORD TRAMWAYS AND IMPROVEMENT ACT, 1897. 

KEIGHLEY CORPORATION WATERWORKS ACT, 1898. 

GLASGOW CORPORATION (SEWAGE, etc.) ACT, 1898. 

MANCHESTER CORPORATION (GENERAL POWERS) ACT, 1902, 
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The Alkali Works Hegulatiou Act, 1906, following the Act of 1881, 
which has been repealed, has a Section bearing on this question, and two 
Scotch Acts alsq deal with it. 

ALKALI WORKS REGULATION ACT, 1906. 

Section 3.— (1) Every work of whatever description in which any liquid 
containing either ai;id or any other siib.stance cai)ahle of liberating snlphiiretted 
^lydrogen from alkali waste or drainage therefrom is produced or used shall 
be carried on in sittih inanner that the liquid shall not come in contact with 
alkali waste, or with drainage therefrom, so as to cause a nuisance. 

(2) The owner of any work whicli is carried on in contravention of this 
section shall be liable to a fine not exceeding in the case of the first offence 
fifty pounds, and in the case of every subsequent offence one hundred 
pounds, with a further sum not exceeding five pounds for every day during 
which any siu^h subsequent offence has continued. 

(3) On the request of the owner of any such work as is mentioned in this 
section the sanitary authority of the district in which such work is situate 
shall, at the expense of such owner, provide and maintain a drain or channel 
for carrying off such liquid as aforesai<l iiroduced in such work into the sea or 
into any river or watercourse into which the liijuid can be carried without 
contravention of the Rivers Pollution Prevention Act, 1870, as amended 
by any suhs('<|Uent enactment ; and the sanitary authority shall for the 
jmrpose of providing any such drain or channel have the like powers as 
th(‘y have for providing" sewers, whether within or without their district, 
under the Public- Health Act. 

(4) Compensation shall be made iu any person for any damage sustained by 
him by reason of ihe exercise by a sanitary authority of the powers conferred 
by this section, and such conqiensation shall he deemed part of the expenses 
to be paid by the owner making the request to the sanitary authority under 
this section. 

Section 4.— (1) Alkali waste shall not be deposited or discharged without 
the iiest practi(;able means being used for efiectually preventing any nuisance 
arising therefrom. ^ 

(2) Any jiersoii who causes or knowingly permits any alkali waste to be 
dei>ositcd or discharged in contravention of this section shall be liable to a 
fine not exceeding in the case of the first offence twenty pounds, and in the case 
of every subsefpient offence fifty pounds, with a further sum not exceeding five 
pounds for every day during which any such subsequent offence has continued. 

Section 5.— Where alkali waste has been dejius* ted or discharged, either 
before or after the commencement of this Act, and complaint is made to the 
chief inspector that a nuisance is occasioned thereby, the chief inspector, if 
satisfied of the existence of the nuisance, and that it is within the power of 
the owner or occupier of the land to abate it, shall serve a notice on such 
owner or occupier reipiiring him to abate the nuisance ; and if such owner 
or occupier fails to use the best iiracticablc and reasonably available means 
for the abatement thereof, he shall be liable to a fine not exceeding twenty 
pounds, and, if he does not proceed to use such means within such time as 
may be limited by the court inflicting such fine, he shall be liable to a further 
penalty not exceeding five j^ounds for every day after the expiration of the 
time so limited during which such failure continues. 

THE BURGH POLICE (SCOTLAND) ACT, 1892. 

Section 233.— Any owner or occupier of distilleries, manufactories, or 
other works, who causes or permits any refuse, refuse water, ateanr, or other 
substances fitted to interrupt the free passage of a sewer, or to be otherwise 
injurious thereto, or to be injurious to the health of persons living in the 
vicinity, to enter a public sewer, river, or inland loch, or public reservoir, or 
dock, troiii any such wqrks, shall be guilty of an offence, and shall, on convic- 
tion before the Sherifl’ie liable to a penalty of five pounds for every day or 
part of a day during which such offence continues, besides being liable for all 
damages, and for all expenses for taking out of the sewer any refuse or sub- 
stance that may have entered it from his works. 


19 
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Such owners or occupiers shall construct pools or reservoirs as near their 
works as possible for receiving and depositing such refuse and other substances. 

If it shall be impracticable, in the judgment of the Commissioners, to 
render such refuse or other substances inoffensive or innocuous, or to prevebh 
the same from interrupting the free passage of the sewer, or otherwise injuring 
the same, it shall be lawful for the Commissioners to prohibit and interdict 
such owner or occupier from permitting the same to run into such sewer 
from his works aforesaid ; and while such ]»rohibition and interdict are in 
force, or if, and so long as the owner or occupier of such works makes no use 
of the sewers, in conse(pience of having, before this Act came into o])eration, 
made scj)arate arrangements for the drainage of the works, such owner or 
0 (;cupie]‘ shall be entitled to be cxemj)ted from the sewer rates to the extent 
of seventy-five ])er centum thereof, ajiplicable to the whole l)uilding or such 
part or parts thereof as by such ])rohibition or ])reviou8 sei)arate arrange- 
ment are de])rived directly or indirectly of any benefit from the sewer ; 
provided that the sewer rates payable in respect of the other jiarts of such 
distilleries, manufactories, and other works, and all warehouses, offices, and 
other buildings connected therewith, shall still remain jiayable ; and if the 
prohibition and interdict be at any time, by the (.\)mmissioners, withdrawn, 
or the owner or occupier having pr(*vious se])arate arrangements shall begin 
to use the sewers, then the exemption shall cease so soon as the owner or 
occujiier avails himself, to any extent, of the withdrawal of the prohibition 
by permitting the substances juohibited to ]>ass into the sewers, and if the 
owner or occujiier is dissatisfied with the decision of the (Joiiimissioners as to 
the practicability aforesaid, or as to the jiart of the works for which such 
excinpl.ion ought to be made, it shall be lawful for such owner or occupier to 
appeal to the Sherilf in manner after provided. 

THE PUBLIC HEALTH (SCOTLAND) ACT, 1897. 

SECTIO^’ 110. — Any owuier or occupier of premises within the district of a 
local authority liable for the public health general assessment or si>ecial 
sewer assessment shall he entitled to cause liis drains to oiiiiity into the 
sewers of such local authority on condition of his giving twenty days’ previous 
notice of his inletitioii so to do to the local authority, and of comjilving with 
their regulations in respect of the mode in which the communications between 
sindi drains and sewers are to be made, and suliject to the control of any 
person wdio may be appointed by the local authority to sujicrintend the 
making of such communications. Provided always that the sewage so 
emptied or discharged into tlie sewers is not of a nature to cause damage to 
the structure of the sewer or, by admixture witli other sewage therein, to 
cau.se a nuisance. 

Section lib. — The owners or occupiers of distilleries, manufactories, and 
other works shall he compelled, where j»03siblc, to dig, make, and construct 
pools or reservoirs within their own ground, or as near their works as 
possible, for receiving and de])ositing the refuse of such works so far as 
odeiisive or injurious or dangerous to the health of those living in the 
vicinity thereof, or to use the best practicable means for rendering the same 
inoffensive or innoxious before discharging it into any river, stream, ditch, 
sewer, or other channel. 

Section 117. — (1) It shall not he lawful for any person to throw or 
suffer Lo be thrown or to pass into any sewer of a local authority, or any 
drain communicating therewith, any matter or substance by which the free 
flow of the sew'agc or surface or storm water may be interfered with, or by 
which any such sewer or drain may be injured. 

(2) Every jierson offending against this enactment shall be liable to a 
penalty not exceeding ten pounds, and to a daily penalty not exceeding 
twenty shillings. 

Section 120. — If a house, distillery, manufactory, or other work, within 
the district of a local authority, is without a drain, or without such drain as 
is sufficient for effectual drainage, the local authority may, by notice, require 
the owner of such house, distillery, manufactory, or work, within a reason- 
able time therein specified, to make a sufficient drain emptying into any 
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sewer which the local authority arc entitled to use, and with which the owner 
is entitles' to make a communication, so that such sewer be not more than one 
hundred yards from the site of the said premises of such owner ; but if no 
such means ^f drainage are within that distance, then empt}ung into such 
covered cesspool or otlier place, not being under any lumse, as the local 
authority may direct ; and if the person on whom such notice is served 
fails to comply with the same, the local authority may, at the expiration of 
the time specified in the notice, do the work reijuired, and the expenses 
incurred by them in so doing may be recovered from such owner in a summary 
manner. • 

Provided that where in the opinion of the load authority greater expenses 
would be incurred in causing the drains of two or more houses to empty into 
an existing sewer ])ursuant to this section than in constructing a new sewer 
and causing such drains to empty therein, the local authority may construct 
such sewer and require the owners of such houses to cause their drains to 
empty therein, and may apportion as they deem just the ex])enseB of construc- 
tion of such sewer among the owners of the several houses, and recover in a 
summary manner the sums apportioned from such owners, or in case of 
disjHit.e the matter shall be determined summarily by the sherilf. 

There arc few additional points in these Acts. The Glasgow Act of 
18G6 gives the (Corporation power to compel the (jonstruction of special 
trade sewers in certain cases. The AV^dverhampton, Huddersfield, Notting- 
ham, llilston, Bradford, and Keighley Acts safeguard the manufacturer who 
may be turning objectionable refuse into the sewers, provided that he has 
used the best practicable means for previously removing the obji'ctioiiable 
matters. The Bradford Act provides for the compensation of certain 
manufactui’ers liefore the Act can be enforced against them, and, like the 
Bury Act, defines that dyers are to provide settling pools for their waste 
waters before discharging these into a public sewer. •The Glasgow Act of 
1898 jirohibits the discharge into the sewers of any Ibpiid which would be 
injurious to the construction or efficiency of the sewers or sewage works. 
The Alkali Act of 1900 allows a Sanitary Authority to construct a private 
drain for certain kinds of trade refuse in the same manner and under the 
same powers as a public sewer; and the Burgh Police (Scotland) Act, 1892, 
like the Bradford Act, defines to some extent the purification works to be 
constructed by the manufacturers or the owners of manufactories, and in 
addition provides for the reduction of the sewer rate payable by any 
manufacturer who has provided separate arrangements for the drainage of 
his works. The West Pdding of Yorkshire Rivers Act, 1894, only repeats 
the provisions of Section 7 of the general Act of 1870. In the Manchester 
Act, 1902, nothing is said with regard to trade refuse interfering with the 
treatment of the sewage, but the Corporation arc given the power to pro- 
hibit the discharge into the sewer of matters which may be injurious to 
the sewers, or may cause a nuisance or involve danger to the health of 
persons entering the sowers or others. If any person disputes the reason- 
ableness of any such prohibition he may appeal to a referee appointed by 
the Stipendiary Magistrate. The Act also gives the Corimration power to 
construct an inspection chamber on the drain within any manufacturing 
premises connected with the sewers. 
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The Public Health (Scotland) Act, 1897, deservon special notice. It 
ap 2 )arently takes as undoubted the duty of a Sanitary Authority to receive 
all manufacturing refuse in their District into the sewers and the righf. 
of a manufacturer thus to discharge his refuse, provided that it will not 
damage the sewers or cause a nuisance, and enacts by Section 110 that 
the owiKTs or occu 2 )iers of manufactories are to be compelled to 2 )r^)vide 
settling tanks for the removal of oileiisive and injurious substances from 
their refuse before discharging it from tluiir 2 )remises. It must also bo 
not(‘d tliat nothing is said in this Section of the eftect of the trade refuse 
on the treatment of th(‘ combined sewage, it may be l)ecause this side of 
th(' question is already dealt with sufficiently in the general Rivers 
rollulioii Prevention Act, 1876. 

The Tliird Report of the Royal (Commission, 1898, issued in 1903, 
marks a distimjt stage in the development of the question. The Com- 
missioners state ; 


P;ir. (:i2) We are tlierefore of opinion that the law slionhl he alioretl so as U) 
lu.ikc it^ 1,h(* duty of the Local Authority to provide siMvers as are necessary to 
carry trade elllneiits as well as domestic sewage, and that the manufacturer 
.should he given the right, subject to the observance of certain safegiiard.s, to 
discharge trade elllnents into the .sewers of the bocal Authority if he wishc'' to 
do so. . . . In each district it would proh.ihly be ih‘sirahle that the Local 
Authority should frame regulations which .should he subject, to c.onlirmation by 
a Central Authority. . . . 

(23) Although the duty of receiving trade elllnents .should, we think, be 
iiiiptKsed on the Local Authority, case'' may ari.se in whic.h they should be wholly 

or partially relieved of it And it is jxissible that in .some cases a.s, for 

example, of a large manufad.ory being newly established in a small Di.strict, 
it might be necessaiy to relieve the Authority of the obligation to treat the 
trade efiluent or to enable them to exact some special contribution from the 
manufacturer not only for the co.st of treatimmt but also towards cajiital 
expenditure. 

(24) It is obvious, therefore, that some tribunal wdll be reipii red for settling 
difference'* between the Local Authority and the manufacturer, and fur 
relieving the Local Authority iu exceptional cases either wholly or }iartially of 
tlieir obligation to jirovide .sewers and dlsiio.sal works of snUicient ca 2 )acity for 
trade etllnents as w’cll as ordinary sewage . . . 

(25) Tn many cases a ]>art or the wliole of the W'ater wdiich the mamifacturer 
uses in his business is obtained from a stream and must therefore be returned to 
the, stream. We do not jirojio.se that the manufacturer should by statute be 
relieved of this liability. If be is able to relieve liimself from tbe olffigatioii by 
obtaining tlic necessary consents from other riparian qwuiers or by providing 
compensation water, then he might discharge his eflluent into the sew'er, hut the 
resjxmsibility must rest entirely on the manufacturer : the Local Authority 
should he expressly exempted from any liability for the infringement of riparian 
rights by the discharge into the sew^cr of water obtained from a stream. 

(29) Having regard to these con.sideratioiis, we are of opinion that generally 
no siiecial charge should be made on the manufacturer in tho.se cases in which 
the regulations as to preliminary treatment are complied with. As we have 
already stated, it is desirable that wherever jiracticable, some pivlimiiiary treat- 
ment should he carried out by the manufacturer. But where the manufacturer 
is unable to comply with these regulations we consider that the Local Authority 
should he empowered to make a sjiecial cliarge. Powder should also be granted 
to make a special charge, even when preliminary treatment is adopted, where 
there are exceptional circumstances as regards volume, quality, or otherwise. 

(30) We should leave the actual amount of the charges to be fixed by agree- 
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meat between the manufacturer and the Local Authority. In lefaiilt of 
agreement the amount should be settled by a superior authority. . . . 

(34) . . . consider that all manufacturers should be idaccd on the same 
footing, and thatjthe proposals which we have made as to preliminary treatment 
by the manufacturer and as to a special charge being made upon tiim by the 
Local Authority in certain cases, should apply eciually to the manufacturer whose 
trade ehluent already passes into the sewer and to the manufacturer who is only 
prowsing to obtain a connection. 

^8) It may also sometimes be necessary for the Local Authority to construct 
a sewer for the re(;ei)ti<1n of trade refuse alone, and, in certain circumstances, it 
may be desirable that tbe Local Authority should ])rovidc a se])arate system of 
trade sewers, and also works for the })artial treatment of trade efUueiits before 
they are mixed with the ordinary sewage for final purilication. If powers to 
construct such works are mh already possessed by Local Authorities, they should 
be conferred uj)on them. 

(30) ... We think it desirable that power to undertake the disposal of 
sludge at the ex 2 )ensc of the manufacturer should be conferred on the Local 
Authority. We do not think, however, that the manufacturer should be em- 
•fiowered to comjiel such removal. If comimlsion is necessar}, this should be 
exercised by a sujierior authority in the manner hereinafter ex])lained. 

(44) . . . We unliesitatiiigly recommend tbe creation of such an Authority 
. . . for the determination of dillerences between the Local Aiithority and the 
manufacturer. . . . 

(r)0) In our opinion it is desirable that such dillerences should be settled by 
the Rivers Boards wbmiever this can be done, and, having regard to the 
valuable experience which these bodies have accumulated, to the fact that they 
represent large areas and jiosscss capable otlicers, and to tbe confidence which 
they command, we think the following cases might viu’y jiroperly be referred to 
them ill tbe lirj»t instance, power being given to either party to ajipcal to the 
Central Authority : — 

1. Dillerences between the manufacturer and the Local Authority as to 
Nariation of the general regulations respecting preliminary treatment 
to meet jiarticular ca.'ses. 

•2. Dillerences as to tbe amount of the special clyirge to be imposed on 
the ])arti(',ular manufacturer. 

3. Dis])iiles as to whether tbe ])reliminary treatment adopted by the 
paalicular manufacturer comjdies with tbe regulations. 

1. Dillerences as to tbe removal of sludge. 

(57) We think, however, at any rate for the present-, that the following cases 
should be dealt with by the Central Authority alone 

(a) Refusal of a I^ocal Authority to allow a particular trade efiluent to 
enter their sewers. 

(h) Refusal of a Local Autliority to construct or enlarge sewers for the 
purpose of a ]>articular manufactory. ... 

(61) ... We do not, however, consider that the Central Authority should 
take the place of local bodies in regard to tbe protection of rivers and other 
sources of water sujiply. On the contrary, we think local jiower should be 
utilised to the fullest extent possible. ... 

(62) In our opinion such power can only be fully utilised by the formation 
of Rivers Boards throughout the country, and we therefore recommend that such 
Boards should be formed. 

(70) The Central Authority should exercise a general superintendence over 
the whole country in regard to the prevention of pollution of water. They 
should direct any inquiries or investigations which they may consider desirable, 
and generally they should stimulate and encourage Rivers lloards to an active 
exercise of their powers. 

Although no general Act of Parliament dealing with the subject has 
been passed since these recommendations were issued, there have been 
three local Acts based on them which have been passed by agreement 
between the Local Authorities and the manufacturers, and these put all 
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the manufacturers upon the same footing, whether their premises previously 
drained to the sewers or no. These are : — 

HALIFAX CORPORATION ACT, 1905, Part II. , 

HECKMONDWIKK IMPROVEMENT ACT, 1905, Part VIII. 

HUDDERSFIELD CORPORATION ACT, 1906, Part II. 

The three Acts are very similar iii their provisions, and it piay 
suffice to describe these in the latest, the Huddersfield Act. A trader is 
given the right, with certain exceptions, to discharge his trade refuse into 
the sewer ; on the other hand, regulations are to be made providing for 
the exclusion of clean water, the removal of solids and grease, and the 
regulation of the fiow of refuse, so as to ensure a uniform rate of discharge 
into the sewers during each working day. Tlic regulations are to provide 
for payment by the trader where he is unable to remove the solids and 
grease, or to regulate the flow, or in other exceptional cases, and these 
regulations are to be settled by agreement between the Corporation and 
representatives of the traders. If any dispute arises it may be referred 
to the Local Covernment Hoard or to arbitration under the Arbitration 
Act, ISSfl. The Corporation are given the sanu' powers and duties with 
regard to the removal and disposal of trade n'fnse as they have with 
regard to sewage under tlie Public Health Act, 1875. They may also, at 
the cost of any trader, remove and dispose of any sludge })roduced in the 
treatment of trade refuse upon trade premises. 

Apart from all special Acts of Parliament, local or general, dealing 
with the matter, the common law of riparian rights has a great bearing 
on it. A riparian ov'uer has the right to all the water flowing, or which 
would flow, naturally, down a stream, and it may therefore be impossible 
for a manufacturer who uses w'uter drawui from a stream to turn it, when 
polluted, into the public scwtt, and thus to let it be conveyed aWay from 
the premises of an owner of property lower down. Very frequently, how- 
ever, in such cases the manufacturer has other sources of water suj)ply, say 
from a well or the town’s mains, and can return to tlu; stream a quantity 
of water from his less pollutiTjg processes equal to that drawui from the 
stream, while the more polluting part of his trade refuse is turned into 
the public sew^er ; or it may even pay a manufacturer to sink a well or get 
his water from the public supply so as to be able to divert his Ji(]uid refuse 
from a stream, rather than to construct the special purification works 
necessary to enable him to continue discharging into the stream. 

In one way or another most Sanitary Authorities who have control of 
Districts in w'hich there are important manufacturing interests to consider 
have admitted trade refuse into the public sewers, and, having done so, it 
seems doubtful if they have power to revoke their decision and to cut off 
any manufacturer who has been permitted to connect up his drains to the 
sewers. What power they may have under the provisoes of Section 7 of 
the Act of 1876 is very difficult to enforce, and may apparently be set at 
naught by a manufacturer who adopts measures to remove from his trade 
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refuse anything that would interfere with the treatment of the sewage 
with which Lis refuse is mixed [see Eastivood Brothers {^Limited) v. Honley 
Urban District Council (1900, 1 Ch. 781, and 1901, 1 Ch., 645); also 
Attorney General and Bevenoahs Rural District Council v. Whitmore^ “ The 
Times,” 25th July 1900; and Bouthdl Nm'wood Urban DistHct Council 
V. Middlesex County Council (1901, 83 L.T. (N.S.) 742)]. 

V'hen a Sanitary Authority are requested by a manufacturer to deal 
with his trade refuse they have to consider upon what conditions they 
will permit him to connect his drains to the sewers, for, as has been stated, 
this connection is certain to involve an increased cost for sewage disposal, 
and some kinds of refuse are likely to cause injury to the sewers. Cases 
are on record, for instance, wlu're the discharge of sulphate of lime has 
blocked the sewers, acid refuse lias destroyed tliem by corrosion, and carbon 
bisulpliide or petrol has given rise, to explosions. The Sanitary Authority 
should therefore have power to make regulations governing the admission 
of refuse, and these in the case of new connections can generally be 
arranged by formal agreements. 

In most cases a pndiminary partial purification of the trade refuse is 
now demanded, or, failing this, a payment by the trader towards the 
increased cost of sewage treatment due to the presence of his trade refuse. 
This is only reasonable in view of the greatly increased cost of dealing 
with a sewage containing any large proportion of crude trade refuse, and 
the various troubles and difficulties which the refuse may cause in the 
sewers and at the sewage works. For example, waste dyewaters often 
contain large amounts of suspended solids and arc qften strongly acid in 
reaction, the solids increasing the sludge difficulty which is always present 
at sewage works, and the acidity requiring the addition of enormous 
quantities of lime for its neutralisation ; tannery and brewery refuse are 
strongly charged with suspended solids, and, moreover, contain in solution 
elements which interfere seriously with the process of sewage purification ; 
the suds from wool washing, piece scouring, and silk boiling in their crude 
state render a sewage much more difficult and expensive to purify because 
they contain large amounts of fatty matter, which coagulates in settling 
tanks and produces a thin and watery sludge, chokes up filters, and coats 
irrigation areas with au almost waterproof covering ; liquids such as waste 
pickle from wire works and spent gas liquor may interfere disastrously 
with the living organisms upon which sewage purification in all cases finally 
depends. 

A comparison of the composition of ordinary domestic sewage with 
some of the forms of crude trade refuse shows at once the more polluting 
character of the latter, and the object of any preliminary treatment de- 
manded may be taken to be the purification of the trade refuse only so far 
as to make it no stron^r in polluting character than ordinary sewage, and 
to free it from everything which would unduly interfere with the effective 
purification of the combined sewage (see Tables LXXIV. and LXXV.). 
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CRUDE TRADE REFUSE,— AVERAGES OF SEVERAL ANALYSES. 
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Acidity (as H 2 SO 4 ) 4360. Total iron (as Fe) 6679. 
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The preliminary treatment of trade refuse is secured 1 y various 
Sanitary Aiichorities in different ways. Bingley, Bradford, and Manchester 
^ call upon the manufacturer to sign an agreement. Many Authorities, as, 
for instance, Srighouse, Keighley, Leeds, Liversedge, and Manchester, 



have drawn up certain conditions which must he fulfilled by the manu- 
facturer. Sometimes the Surveyors prepare a typical set of plans for the 
information of the manufacturers, which need not be followed closely, but 
which can be adapted to the circumstances of any individual case : this 
course has been adopted ^ Brighouse, Elland, and Ossett. Some Authorities 
require the manufacturer to prepare plans of purification works and to 
submit them for their approval : this, for example, is the course taken in 


FiO. 67. — Works for the preliminary treatment of Refuse from a Woollen Mill. 
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Fio. 68. — Works for the preliminary treatment of Refuse from a Woollen Mill. 
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Bristol, Leeds, Leicester, and Pudsey. In a few cases the 1 iithoritios, 
doubtful of committing themselves by approving of the plans of any 
purification works, simply inform the manufacturer that he may connect 
his drain to the public sewer, but that he must remove from his trade 
refuse anything which will interfere with the treatment of the sewage : 
this is the course which has been adopted in the past at Morley and 
Wakefield. At Sa^ord and Jlyde the Corporation undertake to remove 
and dispose of any sludge collected in preliminary treatment works free of 
any charge to the manufacturer. And finally, in more than one instance 
the Authority has made an agreement with the manufacturers in the 
district to allow trade refuse to be discharged into the sewers on condition 
that the manufacturers will subscribe towards the increased cost of the 
sewage works necessary, or the increased working expenses of sewage 
treatment, or both : this, for example, is the bargain entered into at 
Tadcaster, Mossloy, and New Mill. 

Figs. 07 and 08 show plans and sections of works which have been 
provided at two mills for the preliminary treatment of trade refuse. At 
these mills the trade refuse is from wool washing, piece scouring, and 
dyeing, and the total volume of li(piid refuse is some 15,000 gallons per 
day in each case. 

For the conditions imposed upon the manufacturers the regulations 
made by the Cor[)oration of Manchester may be taken as an example. 

MANt.lIESTER CO liPO RATION. 

ReijidationH for Admisdon of Trade Refuse into Hewers. 

1. All li([uid trade refuse from the manufactory shall he passed into and 
through suittihle settling tanks to be a]>proved by the Corporation, the same 
to he constructed and at all times maintained by and at the cost of the Owner 
to the satisfaction of the Corporation. 

2. By means of the settling tanks and by s^ch other means as shall be 
from time to time ajiproved by the Corporation the resulting efliuent shall be 
made : — 

{a) free from solids in suspension beyond 15 grains to the gallon ; 

(?)) free from any substance, matter, or thing which shall or may (either 
alone or iii combination with other matter or licpiid, or with the 
ordinary sewage) 

(i.) be injurious to the structure or materials of the se-wers or 
works of the Corporation 

(ii.) be injurious to the sewers or the sewage therein, 

(iii.) cfuise or create a nuisance cither within or without the sewers, 
and 

(iv.) be dangerous or injurious to health either within or without 
the sewers ; 

(c) free from any substance, matter, or thing the discharge of which into 
the sewers may contravene any public or local Act of Parliament or 
Rule of Law. 

3. The Owner shall remove as frequently as may be necessary from the 
settling tanks all solid refuse and solid matter which may be from time to^ 
time deposited therein. 

4. Only the effluent from the settling tanks which complies with Regula- 
tion 2 shall be discharged into the sewers. 

6. The maximum aggregate daily quantity of effluent which may pass 
from the manufactory into the sewer shall be agreed between the Owner 
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and the Corporation before any connection with the sew^er is made or any 
works for tliat ]nirpose are commenced. The size and caj)acity of the drain 
for conveying the effluent from the manufactory to the sewer shall be deter- 
mined by the City Surveyor, and shall be such as, having regard as well to 
the agreed niaxinium aggregate daily (pumtity of effluent as to the intended 
inclination of the drain, will be nectessary to secure that only such agreed 
quantity shall and may be conveyed into the sewer at a uniform and regular 
rate of flow throughout the twenty -four hours of every day. 

fi. The Owner shall provide and efficieiiLly maintain a reservoir or 
receptacle at the manufactory sufficient to hold at least' one halt the agreed 
maximum aggregate daily (piantity of effluent and shall cause the effluent to 
pass into such reservoir or receptacle and be thence (;onve}'ed by the drain 
into the sewer. 

7. There shall be constructed and maintained by and at the cost of the 
Owner at or near the outlet of the drain into the sewer an exmninatioii 
shaft and a])j)aratus so designed as to enable the Corporation or their otlicers 
to oljlain at jdeasure from time to time samjdes of tlie ellluent discharged 
into the sewer. 

8. The works shall be constructed and carried out to the satisfaction in all 

resj)ec,ts of the City Surveyor and shall be at all times suliject to these 
Regulations and the Acts of rarlianient (]»ublic or local), Bye-laws and 
Regulations for the time being in force in the (fity of JManchester in relation 
to the subject matter of these Regulations. In jiarticular, in the works of 
excavating for and making and maintaining the drain or anything tlioreiii 
or connected therewith the Owner will adoj>l such measures and generally 
cai’ry out the works in such manner as shall be suggested or reipiired by the 
City Surveyor for ensuring the satisfactory execution of the work for 
effectually jirotecting the sewers, drains, gas and water pii>es, wires, tramlines, 
and apparatus for ensuring jierfect stability for the surface of tlie street and 
for preventing the complete stopjiagc ot the traffic thereon, Piovided that 
the fact of the City Surveyor giving or failing to give any instructions or 
directions res}M*cting the works shall not relieve or exonerate the Owner 
from any obligations or liability imposed upon liiin by these regulations or 
at law. . 

9. Any work of removing the pavement and flagging of the street and of 
restoring and making good the same shall be done by the Corporation at tbe 
expense of the Owner, and the Owner sliall jiay any sucli exitcnse to the 
Cor])oration on demand. 

10. The Owner shall permit the City Surveyor or any other duly 
authorised otlicer of the ( Corporation to enter the manufactory from time to 
time and to inspect the condition thereof. 

11. If at any time the works provided for by these regulations or any of 
them or anything therein respectively shall in the opinion of the (Corporation 
or the City Surveyor be in a dilapidated, unsafe, iiielticienl,, or unsatisfactory 
condition,' or if the same shall not be kept and maintained in proper working 
order or shall not be duly and properly fulfilling these regulations in all 
respects, or if proper arrangements for removing the solids from the trade 
refuse are not in regular and constant operation, it shall be lawdul for, but 
not obligatory on, tlie (Corporation, in adrlitiou and wdthoiit jirejiidiceto their 
other remedies, by statute or c.ontraid, at the risk ami cost of the Owner (after 
first giving to the Owner one week’s notice in this behalf), either to repair, 
reinstate, or complete the same, or to remove and disconnect the drain from 
the sewer, as the Corporation in their absolute discretion may think fit, and 
to enter upon the property of the Owner for tlie jmrpose of executing the 
necessary works in that behalf. The Owner shall pay to the Corporation on 
demand the cost to he incurred by the Corporation in any such work of 
repair, reinstatement, completion, or disconnection, such cost to be from time 
to time ascertained and certified by the City Surv^or, whose decision shall 
be final and binding on all parties. 

12. Any cost and expenses which may be incurred by the Corporation, 
and which under these regulations shall be repayable to them by the Owner, 
sliall include five pounds per centum for superintendence, and shall carry 
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iuterest at four pounds per centum per annum from and after tLe expiration 
of one talendar month after service upon the Owner of a demand for payment 
of such costs and expenses. 

13. Th^ arrangements contemplated by these regulations do not extend 
to the rece])lion into the sewers of surface and storm water or of water which 
has been taken or diverted from a river, stream, or canal. 

14. Tlic Owner shall enter into an agreement, to be prepared by the Town 
Clerk, for securing the due observance of these regulations. 

15. In these regulations the following words have the meanings here 
assigned to thenf 

“Owner’’ means and includes the owner and occupier for the time 
being of the manufactory, 

“ Manufac.torv ” includes any works, manufacl.ory, or ])remiscs in the 
(htv of Manchester in which li(|nid trade refuse is produced, 

“City Surveyoi-” means the City Surveyor for the time Ijemg of the 
( Mty of Manchester, 

and words in the singular number include the plural, and words in the 
masculine gender include the feminine. 


Form of AjiplicdtiorL 

To TUE CoUI’OKATION OF THE ( UtY OF MaNCUKSTKR. 

I apply for your permission to make a connection from my Works situate 

with the Sewer in 

Street, in the (^ty of Mancdiester, 

for tlie purpose of carrying the liquids from such Works into such Sewer. 

The trade or jirocess carried on at such Works is that of a 

ddie maximum daily volume of liquids issuing from such Works is about 
gallons. 

Ill the event of my apjdication being eomjdied with, I undertake that the 
foregoing Regulations shall at all times be duly observed by the Owner and 
Occaipier for the time being of the said Worlo^. * 

The Ownei and Occupier of the Works are i>repared to ent,er into an 
Agreement for that purpose, to be prepared by the Town Clerk of Manchester. 

The Names and Addre.sses of such Owner and Occupier are 

Owner 

Occujiier 

Signature 

Amlress. 

1 )ate 

As an oxainjilo of the form of agreement entered into, that adopted by 
the Bradford Corporation may be cited, ddiis deals with cases of new 
connection to the sewer, and a somewhat dilferent form is used in cases 
of existing connection. 

BRADFORD CORPORATION. 

A(jrem.ent between Cur]fomtion and Manufaeturers. 

Articles of Agreement made this day of 191 

between 1 , ,r ah 

(hereinafter called “the Firm ”) of the one jiart, and the Mayor, Aldermen, 
and Citizens of the City of Bradford in the County of York (hereinafter 
called “the Corporathni ” ) of the other pait, whereas the Firm have made 
aiiplicatioii to the Coiporation for permission to connect the premises of the 
Firm at (hereinafter called “ the Premises ” ) with 

the Sewer of the Corporation in Street in the said 

City by means of a inch drain between the points A and B on the 
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plan hereto annexed, which drain is intended to convey into the sewers of 
the Corporation the purified effluent proceeding from the trade processes 
carried on by the Firm at the Premises, which said purified effluent and 
drain are hereinafter respectively called “the said effluent and “the said . 
drain,” iind whereas the Corporation have agreed to comply with the said 
applicati'ou upon and subject to the terms and conditions hereinafter appear- 
ing, now these presents witness, and it is hereby mutually agreed by and 
between the parties hereto as follows, namely , 

(1) The Firm or their CJontractor shall not connect the said drain 
with the said sewer of the Corporation without first obtaining a permit 
from the City Surveyor for the time being and complying with the 
regidations in force in the City with respect to the connection of drains 
with the sewers of the CortK)ration, nor shall such connection be made 
until the works hereinafter mentioned for purifying and regulating the 
flow of the said effluent and for arresting and removing therefrom all 
solid matters and matters in suspension shall have been completed. 

(2) The said drain shall not at any time be used for the purpose of 
conveying domestic sewage into the sewers of the Corporation. The 
Firm will not connect any other drain whatsoevci* with the said drain, 
nor with the sewers of the Corporation, without first obtaining a permit 
from the City Surveyor and complying with the regulations with respect 
to the connection of drains with the sewers of the C'orporat-ion which 
may from time to time be made by the Cor])oration and he in force in 
the City. 

(3) The Firm will not at any time make use of any drain made or 
used for the juirpose of conveying domestic sewage from the Premises 
for the purpose of conveying any effluent or refuse of any kind proceed- 
ing from the trade processes carried on at the Premises into the sewers 
of the Corporation, and wdll so construct and maintain any drain made 
or used for the purpose of coni eying domestic sewage from the Premises, 
that no effluent or refuse of any kind proceeding from the said trade 
juocesses can find its way into such drain. 

(4) The Firm shall and will before connecting tlu^ said drain with 
the said scwei of the Corporation jirovide adeipuite fillers, tanks, and 
other ajiparatns sufficient to purify and regidaU* the flow of the said 
elllueiitand to arrest and remove therefrom all solid matters and matters 
ill sus]iension, and will at all times keep and maintain the said filters, 
tanks, and other a]>]>aratus in good and elliciiuit working ordeiyand will 
from time to time^ if the said filters, tanks, and other apparatus shall in 
the ojhnion of the Corjairation or their Sewage Works Engineer (herein- 
after called “the Engineer”) at any time be not in good working order, 
make and cause l-o he made such alterations therein and atlditioiis thereto 
as may be necessary to make the said filters, tanks, and other ajijiaratns 
sufficient to jiurify and regulate the flow of the said ellluent, and to 
arrest and remove therefrom all solid matters and matters in suspension. 
The Firm shall and will also from time to time make such amendment 
or alteration to the satisfaction of the Engineer or of the City Surveyor 
in respect of the mode of communication between the said drain and the 
said sewer of the Corporation as the Corjtoration by writing under the 
hand of the Engineer or of the City Surveyor shall reipiire. 

(5) The Firm will not use or suffer or permit the said drain to be 
used for any other juirpose whatever except for the purpose of carrying 
the said effluent into the sewers of the Corporation without the 
express leave in wTiting of the Corporation under the hand of the 
Engineer. 

(6) The Firm shall and will cause to be passed into and through the 
said filters, tanks, and other apparatus all the effluent and liquios pro- 
ceeding from the said trade processes before tjjey are disehargecl into the 
said drain. 

(7) The Firm shall and will construct and maintain to the satisfaction 
of the Corporation or the Engineer an inspection chamber on the line 
of the said drain, in such a position and in such a way that the Engineer 
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and others, the officers of tjje Corporation, shall at all •times by day and 
by tilight have free access to the said drain for the purpose of examining 
and taking samples of the liquid being discharged from the Premises 
into tl^ said sewer of the Corporation, and the Firm shall and will at all 
times of tlie day and night give and allow to the Engineer and other 
officers of tlie Corporation free access to the said chamber. 

(8) The Firm shall and will permit the Engineer or any officer of 
the Corporation duly authorised in this behalf from time to time and at 
all reasonable times to enter the Premises and to inspect the condition 
thereof witA a view to seeing that the terms and conditions of this 
Agreement and the provisions lierein contained are being duly observed 
and performed, and that all ]>roper precautions and means for passing 
all the effiuent and li(|nids juoceediiig from the said trade ])rocessea into 
and through the siiid filters, tanks, and other a])paratiis, and for purify- 
ing and regulating the How of the said effluent and for arresting and 
removing therefrom all solid matters and matters in susjiension are from 
time to time being taken. 

(9) The Firm undertake that the said effluent, when discharged from 
the Premises into the said sewer of the Corporation, shall be to the 
satisfaction of the Cor])oration or the Engineer. 

(10) This Agreement is without jirejudice to the provisions contained 
in Part 111. of the Public Health Acts (Amendnieiit) Act, 1890, and to 
the right of the Corporation to take ])roceeding8 in the event of any 
nuisance arising from the ])rcmises, and is not to be deemed as in any 
way authorising a breach of the Injunction of the Court of Chancery now 
subsisting against the (^’orjioration prohibiting the discharge of sewage 
not properly purified into the Bradford Beck, or as authorising the 
admission into the public sewers of any effluent or refuse of any kind 
from the Premises that would interfere with the treatment or utilisation 
of the sewage of the City, which is prohibited by the Bradford Tramways 
and Improvement Act, 1897, and the Rivers Pollution Prevention 
Act, 1879. 

(11) Nothing in this Agreement shall be deemed or held to constitute 
an admission on the part of the (Corporation of»any obligation to admit 
to their sewers or to treat nr disjiose of trade refuse or effluent. 

(12) This Agreement and everything herein contained may be 
detei’inined at any time by either jiarty giving to the other jiarty three 
calendar months’ written notice of their desire to so determine it, and 
thereupon the privilege hereby granted to»the Pirm to pass the said 
effluent into the sewers shall cease, and at the expiration of the said 
notice the Firm shall and will disconnect and remove the said drain 
from the said street after obtaining a jiermit from the City Surveyor, 
and conijilying in all respects with his recjuireinents. 

(13) If the Firm shall fail to observe and perform any of the pro- 
visions hereinbefore set forth and on their part to be observed or per- 
formed, or if the said effluent when discharged into the sewers shall in the 
opinion of tlie Corporation or the Engineer prejudicially affect the sewers 
of the Corporation or the disposal of the sewage matter conveyed along 
such sewers, or be of a character or have (jualities that would make it 
likely to interfere with the treatment or utilisation of the sewage of the 
(hty, or shall be in any other respect not to the satisfaction of the Corpora- 
tion or the Engineer, it shall be lawful for the Corporation by their servants 
and agents, after giving to the Firm seven days’ notice under the hand 
of their Town Clerk in that behalf, to absolutely determine this Agree- 
ment, and thereupon the privilege hereby granted to the Firm to pass the 
said effluent into the sewers shall cease, and the Corporation may at any 
time thereafter disconnect the said drain from the said sewer of the 
Corporation, anc^for that purpose enter into and iqjon the Premises, and 
dig down to the said drain and block it up without being liable for any 
loss or damage thereby occasioned to the Firm or to the Premises. 

In witness whereof the said 

have hereunto set their hands and seals, and the Corporation have caused 
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tlieir Common Seal to be hereunto affixed the day and year first hereinbefore 
written. 

Signed, sealed, and delivered 
by the said 


Tlie (V»niin<)n Seal (»l‘ the 
(Jonxiration was hereunto affixed 
in tlie i)iVHen(:e of 


Jjord Mayor. 


Town (jli-rh. 


It should be noted that under the nujout Acts of Halifax, Heckmoiuhviko, 
and Huddersfield, although the Authorities have the power of calling upon 
the trader to give his refuse a preliminary purification, tliey bine pi’eferred 
to allow Inm to discluirge it in its crude state into tlie sewers on condition 
of his jiaying according to the nature and volume of his refuse. This is 
generally the wiser course to adopt, for where preliminary purification is 
insisted upon it is often found that the works provided by the manu- 
facturer are mismanaged or neglected, and that the effluent discharged 
into the sewer is nearly as bad as the crude refuse. 

The regulations drawn up by agreement between the Corporation of 
Halifax and the traders are as follows: — 

COUNTY bOROITCH OF HALIFAX. 

(hneral Reyulaf ions pursuant to Section 11 of the Halifax Corporation Act, 1905. 

Made by the Halifax Corporation, on the 2nd day of October 1907. 

1. Trade Refuse shall be disc.harged into a sewer at a uniform and 
regular rate of flow during working hours, so far as reasonably practicable, 
and with due regard to space and requirements of the business for the time 
being carried on on the Trade Premises affected. 

2. (a) The Corporation may construct and maintain at their co.st at or 
near the outlet of the drain into the Sewer, an examination shaft and 
apparatus so designed as to enable the Corporation, or their Officers, to obtain 
from time to time samples of the Trade Refuse di.scharged into the Sewer. 

(6) Any sample obtfuned by the Corporation for the purposes of this Act 
shall be taken in two bottles of similar size and con.struction, and shall 
forthwith, before removal from the premises, be secui’ely sealed up and signed 
and marked with the date and time of and place where taken by the person 
taking the same, and one l)ottle shall be left by such person with the Trader, 
or his representative for the time being in charge of the Trade Premises 
aflected. 

3. Any works shall be constnicted and carried out subject to the General 
Regulations and the Acts of Parliament (public o^ local) for the time being 
in force in the Borough of Halifax in relation to the construction of drains 
and the connection thereof with the Sewers. 

4. All Statutory Powers vested in the Corporation for the inspection of 
drains shall apply to any drain to which this Act applies. 
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6. (a) AnyT^-ader now or hereafter adopting preliminary, treatment of 
Trade Jf^ifuse shall provide, maintain, and use on the space to be provided 
for the imrpose all plant and apparatus necessary and proper, so far as' 
reasonably practicable, within the intent and meaning of Section 11, Sub- 
section (3) #f the said Act, to effect a preliminary treatment of the TrajjJe 
Befuse produced by him at the Trade Premises affected, before discharging 
the same into the sewer, or into any drain communicating therewith. 

(6) Any Preliminary Trealmeiit Works fulfilling the requirements of 
Part (a) of this Clause, maintained and used at the date when these Regula- 
tions shall come.into force, shall for all purposes be deemed to have been 
provided to fulfil the requirements of these Regulations. 

(6). (a) Wherever the Corporation shall be entitled under the said Act 
to make any charge for the removal and disposal of Trade Refuse, they may 
charge the Trader in accordance with the Table set forth in the Schedule 
hereto. 

(h) In case of any Industry not coming under one of the several sub- 
divisions of the Classes for the time being mentioned in the said Table being 
hereafter carried on by any Trader, siicli Industry shall be entered under 
one of the said Classes as a sub-division thereof, or shall be entered as an 
additional class of industry, and a charge fixed theiciinder, as may be agreed 
between the Coiporatioii and the Trader. 

(c) The (luantity of Trade Refuse to which any charge shall apply shall, 
subject to Clause 7, be agreed between the Corporation and the Trader. 

7. If any dispute or difference shall at any time or times hereafter arise 
between the Ccjrporation and any Trader as to the construction or operation 
of these Regulations, or in case the parties shall not agree upon any matter 
which is the subject of Agreement hereunder, either party may refer the 
same to arbitration in accordance with Section 13 of the above-mentioned Act. 

8. In these Regulations, words and ejqiressions to which meanings are 
assigned in the Public Health Acts, and Rivers Pollution Prevention Act, 
187G, and the aliove-named Act, liave the same respective meanings unless 
there be something in the subject or context rejmgnant to such constructions. 


SCHEDULE. 

TaBLK ok CHAlKiKH KOR RkMOVAL AND DlKl’OSAL OK TkADE ReFUBE. 


Class. Trade. 


1. Wool combing . 

Wool washing . 

Yarn sijouring . 

Silk washing 

2. Curriers .... 

3. Dripping makers 
Waste bleaching 
Tripe dressing . 

Chemical works . 

4. Dyeing . ... 

Textile printing 
Brewing .... 
Bottle washing . 

Mineral water works . 

Soap making 

Gas working 
Stone sawing • 

Card clothing manufacturing 
Grain washing . 

Wire works 


(Regulation 6) 
Charge per 

• Million Gallons. 

£ s. d. 

• I 10 0 0 
. 8 0 0 


5 


0 0 


)> 3 0 0 


20 
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The Heckmondwike regulations are identical, and in those of Hudders- 
field, where most of the manufacturers were discharging their refuse into 
the sewers before the Act was obtained, a uniform charge of one penny per 
thousand gallons is made. The Huddersfield regulations may be sum- 
marised as follows : — 

No. 1 interprets the various terms used. , 

No. 2 excludes clean waters from the sewers, permitting the trader to discharge 
them into any existing surface-water sewer. 

, No. 3 forbids the trader to discharge trade refuse into a surface-water sewer. 

No. 4 prescribes tanks and screens; the tanks to be in dujdicate and each to 
be sullicient to contain the maximum flow for six consecutive working hours. 

No. 5 excludes all solid matter from the trade refuse and prescribes the use 
of chemical precipitation where necessary. 

No. 6 provides for the removal of grease by chemical treatment. 

No. 7 provides for the cleansing of the settling tanks. 

No. 8 stipulates that the flow is to be continuous and regular per minute 
throughout each working day. 

No. y re(juires notice from the trader, from time to time, of the volume of 
trade refuse. 

No. 10 provides for a manhole or inspection chamber on the drain, with a 
lock and key under the control of the (corporation. 

No. 11 authorises inspection of any ap])aratus jirovided. 

No. 12 stipulates that plans of proposed works shall be submitted to the 
Corporation. 

No. 13 requires the trader to pay for the work of c.onnecting to the sewer. 

No. 14 entitles the trader, when he cannot comply with the foregoing regula- 
tions at a reasonable cost, to discharge his crude refuse into the sewers under 
payment. 

No. 15 ]»rovides that the trader who discharges crude trade refuse to the 
sewers under an agreement with the Corj)oration, shall ])ay one penny for every 
thousand gallons discharged. 

No. 10 provides for. the settlement of any differences arising, by a committee 
conKi.sting of four members appointed by the Corporation, and four by the tiaders, 
with the mayor of the borough added when the voting is eciual. 

The effect of the preliminary treatment of trade refuse whnn it is 
properly enforced is veiy marked. For example, one tanner in Leeds, 
who discharges into the town sewer about 30,000 gallons of refuse 
daily, keeps back in his settling tanks some 12 tons of sludge per month. 
In the case of a dyer in Leeds, with a daily discharge of 40,000 to 50,000 
gallons, the wet sludge removed by his settling tanks amounts to some 
20 tons a week, and in another case in Pudsey, where the refuse is 60,000 
gallons daily, the wet sludge removed from the tanks was formerly 1 ton 
per day, but this has been greatly reduced, the manufacturer finding it to 
his advantage to use dyes which produce less sludge. In these cases the 
preliminary treatment of the refuse is chiefly useful in removing suspended 
matter, although the mixing of the refuse in the settling tanks tends to 
precipitate some of the matters in solution. The preliminary treatment 
of wool- washing, piece-scouring, and silk-boiling suds has a still more 
important effect. Where the suds are properly treated, the effluent 
discharged to the sewer, though usually acid froln the vitriol used as a 
precipitant, is freed from grease and suspended solids, and creates little if 
any difficulty in the treatment of sewage with which it is mixed. Forttin- 
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ately the preliminary treatment of these liquids is remunerative from the 
amount oi grease recoverable in most cases. 

Table LXXV. 

AVERAGE CRUDE SEWAGES. 


{Samphs taken every half-hour for iweniy-four hours and mixed in 
proportion to the flow. ) 

{Results expressed in parts per 100^000.) 


No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Total solids 

Solids in su8})onsion (dried 
at 100" C.): 

3 : 1-4 

83-0 

162-3 

238-2 

116-9 

285-9 

88-0 

Total .... 

6-8 

32-0 

70-6 

84-6 

35-2 

91-4 

32-3 

Asli . . 

Solids in solution (dried at 
100“ C.): 

2 .5 

6-9 

17*9 

28-4 

10-9 

15-7 

6-1 

Total . 

28 *6 

61-0 

91-7 

153*6 

81-6 

194-5 

55-7 

Ash .... 

22-6 

41-7 

61*5 

122-0 

65-7 

163-8 

44-4 

Chlorides (as NaCl) . 
Nitrogen : 

5*50 

14-23 

19-00 

18 46 

23-40 

28*10 

13-38 

Nitric .... 

0*02 

nil 

3-01 

nil 

0-04 

nil 

0-04 

Ammon iacal . 

1*23 

4 89 

6-70 

2-91 

1-64 

4-94 

4-57 

Albuminoid (Wanklyn) . 

(>■21 

1*15 

1-30 

1-82 

0-71 

1-78 

1-40 

Organic (Kjeldahl) 

Oxygen absorbed from ^ 

1 80 
permanganate at 

‘26rC. : 


2-34 

3-39 

3*17 

1-66 


2*73 

In fifteen minutes 

0-46 

2-70 

,5-24 

9-40 

4-49 

15-34 

In four hours 

1-02 

j 5-07 

11-40 

16-30 

7-80 

24-36 

5-45 

Total fatty matter . 

Ill solution only : 

Nitrogen : 

109 

13-13 

39-60 

45-30 

15-20 

46*80 

9-77 

Albuminoid (Wanklyn) 

0*05 

0-34 

0-46 

0-73 

0-22 

0-62 

0*43 

Organic (Kjeldahl) . 
Oxygen absorbed from ^ 
permanganate at 

26*7“ C. : 


0-63 

0-90 

• ... 

4-30 


1-28 

In fifteen minutes 

0*19 

1 32 

2-10 

4-66 

2 -48 

7-25 

In four hours . 
Hardness (in terms of 
CaCOa) : 

0-30 

2-84 

4-62 

8-02 

3-78 

10-15 

2*36 

Total .... 

12 8 

18-6 

32-6 

34-1 

15-3 

51-1 


Permanent . 

10-97 

11-4 

11-3 

22 4 

12-1 

390 


Tera])orary . 

Flow ill gallons ])er head 

1-83 

7-2 

21-3 

11-7 

3-2 

12-1 


in twenty -four hours 

123 

46 

15 

45 

96 

19 

99 


Preliminary treatment of the trade refuse may not always be necessary 
or even to the advantage of the Sanitary Authority. For example, new 
developments in the treatment of sewage sludge may entirely change 
present views with Agard to the reception of greasy liquids into the 
sowers. At Bradford, Oldham, and Huddersfield Sewage Works, new 
processes of sludge treatment arc being adopted by which the Corporations 
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expect to recover ^le grease from the sludge and to sell it at a price which 
will make the process profitable. Again, if such a liquid as waste pickle 
from wiredrawing is let off suddenly in large quantities into the sewers it 
may wholly disorganise for the time the operation of sewage purification, 
acting as an antiseptic and checking bacterial action bece-use of its strong 
acid reaction. If, on the contrary, it is gradually mixed with the domestic 
sewage it may help in the precipitation of solids, and thus materially assist 
in the work of purification. 

With the view of testing the effect of regulations such as tlie foregoing, 
a series of average samples of sewages from various towns has been taken, 
and the analyses are given in Table LXXV. The samples were in each case 
taken fi’oni the main outfall sewer during twenty-four hours, after a pericKl 
of at least thri’e daj^s on which there had been no rain, (^are was taken 
to avoid any day on which the sewage was likely to be s])ecially strong or 
specially weak, such, for instance, as a washing day or a Sunday. The 
average composition of the sewages is calculated from the aiialyscs of the 
samples taken at the different times of day and from the proportional How 
of sewage at those times. The samples were taken a few years ago, so that 
the figures of population, flow, etc., may not coimiide with those of the 
present day, although the conclusions drawn are not affi'cted. 

The sewage works chosen were : — 

1. llkhy^ where the main sewage farm receives the sewage from 1459 
houses. The estimated water supply per head of 230])ulation is 30 gallons, 
and the only trade refuse is that of one very small brewery. There 
are some 1300 water-ejosets in the area drained and 170 waste water- 
closets. It is evident from the total flow of sewage, and especially from 
the flow in the early hours of the morning, that very large quantities of 
subsoil water obtain admission to the sewera. 

2. Harrogate Northern : — These sewage works receive the sewage of 
3800 houses, with an estimated water supply of 30 gallons per head of 
population. All the houses are provided with water-closets, and tliere is 
practically no trade refuse in the sewage. 

3. Ilmisworth . — The number of houses draining to the sewage works 
is 810, and there is no trade refuse mixed with the sewage. There are 
only 32 water-closets connected to the sewers, 5 of these being trough 
water-closets at schools. The water consumption is estimated at 10 
gallons per head per day. 

4. Bradford^ FrizlngJuilL — The number of houses drained to the 
Frizinghall Sewage Works is approximately 53,000, with some 18,000 
water-closets. The estimated water supply is 20 gallons per head for 
domestic purposes, and 20 gallons per head for manufacturing use There 
are 122 mills discharging trade refuse to the sewers, at a large proportion of 
which wool washing is done, the suds being in most^bases partially treated 
for extraction of the grease before reaching the sewers. There are also 
large quantities of dyowater discharged into the sewers without treatment. 
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5. Hu^eTsfield^ Deighton.-~^\\Q Deigbton W orks receive the sewage of 
3ome 16,000 houses and the untreated trade refuse from 60 mills, three- 
quarters of j^^hich are woollen mills. The domestic water supply is 
estimated at 17 gallons per head, and the trade supply at 10 gallons per 
head, and there are over 4000 water-closets connected to the sewers. 
Apparently large volumes of subsoil o;j* surface water obtain admission to 
the sewers. • 

6. PmUey, Howjh Side . — The sewage of Jhidsey draining to Houghside 
Sewage Works includes that from some 2400 houses, and the trade refuse, 
after preliminary treatment, of ten j^remises, eight being woollen mills, 
one a tannery, and one a gasworks from which spent gas li(pior is dis- 
charged. The daily amount of trade refuse is nearly 100,000 gallons; 
the domestic sewage is chiefly from houses with privy middens, and 
amounts to 128,400 gallons. 

7. Keighley . — In Keighley, 82.30 houses arc drained to the sewage 
works, and the domestic water supply is 25 gallons per head, giving about 
1,000,000 gallons of domestic scuvage per day. There are 1500 water- 
closets, and the contents of 3600 closet-tubs were, at the time the samples 
were taken, discharged into the sewers between 8 and 9 a.m. Twenty- 
three mills arc drained into the sewers, one discharging dyewater, four 
wool-washing suds, three yarn-scouring suds, three both wool-washing and 
yarn-scouring suds, four tannery refuse, three laundry water, two brewery 
refuse, one refuse from grease-extracting works, one sj)ent gas liquor after 
extraction of ammonia, and one waste from oil works. The refuse is in 
nearly all cases partially purified before being acfmittcd to the sewers. 
Judging from the flow of sewage, there is probably a large quantity of 
subsoil or spring water admitted to the sewers. 

It is abundantly evident from the various ^analyses given that trade 
refuse of many kinds is much more difficult and therefore much more 
costly to purify than ordinary domestic sewage. If any further evidence 
of this be required, reference may be made to the experience of Bradford 
with woolcombers’ refuse, of Burton-on-Trent and Shepton Mallett with 
brewery refuse, of Manchester (see Annual Reports of the Rivers Depart- 
ment, 1901, p. 14 ; 1911, p. 35) and Oldbury (see Jonrn. Soc. Ghem. Ind..^ 
1907, vol. 26, p. 231) with chemical refuse, of Sevenoaks with tannery 
refuse (see Atiorney-Geneml and Sevemahs Rural Disinct Council v. Whit- 
more^ “The Times,” 25th July 1900), of Southall Norwood with the refuse 
from a margarine factory (see Southall Norwood Urban District Cimncil v. 
Middlesex County Couneil, 83 L.T. (N.S.) 742), of Norwich with starch 
refuse, and of Wolverhampton with waste pickle ; and several other 
instances arc given by the Royal Commission on Sewage Disposal, 1898, in 
their Fifth Report, p. J92, where they say that all the trade effluents of 
which they have had experience interfere with or retard processes of 
purification to some extent. 

In cases where there is a large proportion of trade refuse mixed with 
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the sewage of a town, there is, moreover, a‘ great increase in the amount of 
sludge produced at the sewage works, and the disposal of sludge is now 
perhaps the chief difficulty in the treatment of sewage. Fpr example, in 
twelve towns where domestic sewage only is treated, and where precipitants 
.are used, the average quantity of sludge produced annually, containing 
70 per cent, moisture, is one ton for every twelve persons, whereas in 
other twelve towns where there is a large admixture of trade refuse in the 
sewage, and where also precipitants are used, one ton of similar sludge is 
produced annually for every six persons. 

The Sanitary Authorities, therefore, who admit trade refuse to their 
sewers are quite justified in requiring the manufacturers to purify their 
refuse partially before discharging it into the sewers, or in calling upon 
them to pay something towards the increased cost of disposal of the 
sewage, and the manufacturer who can thus get rid of his trade refuse is 
in a much better position than one who is oblig(id to purify it effectively 
so as to be able to discharge it into a stream. 

Kven when the trade refuse is only taken into the sewers after pre- 
liminary treatment, the Sanitary Authorities must expect some increased 
difficulty in dealing with the sewage besides that entailed by the greater 
volume, and should therefore be able to charge to the manufacturers some 
of the greater cost involved. This, however, is not, the view of the Royal 
(commission (see Third Report, par. 29, p. 20), who have no doubt been 
guided to the opposite conclusion by the fact that a large proportion of 
manufac/turers are already in possession of the right to discharge their 
refuse into sewers without payment. 

Where preliminary treatment is insisted upon, the Sanitary Authority 
must be prepared to see that the manufacturer constructs efficient works 
and manages them with , sufficient care. This is found to be far from 
easy, and it is probably the better course to follow the example of Halifax, 
Heckmondwike, and Huddersfield, where, as has been stated, the Sanitary 
Authorities prefer to receive the crude refuse into the sewers and to accept 
payment from the manufacturers towards the extra cost entailed, rather 
than to insist upon preliminary treatment. In these cases, owing to the 
fact that the arrangements arrived at were compromises between the 
Authorities and the manufacturers, many of whom had for long periods 
discharged their refuse into the sewers without restriction, the payments 
made do not nearly cover the total cost of purification of the refuse. In 
other cases, as in Bradford and Brighouse, charges are made by the 
Authorities sufficient to cover this whole cost, particularly where a 
manufacturer seeks to make a new connection to the sewers. 

Finally, it must be borne in mind that where a manufacturer discharges 
his refuse into a sewer, the contents of which are not effectively purified by 
the Sanitary Authority, he may still be held responsible for any pollution of 
a stream resulting from the discharge of his refuse into it (see We^t Riding 
of Yorkshire Rivers Board v. Butterworth <St Roberts, 1909, A.C. 45). 
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CHAPTER XIII. 


METHODS OF ANALYSIS AND LIMITS OF 
IMPURITY. 

Methods of analysis— Ordinary tests — Sjiecial tests — Limits of impurity or standards — 
Recommendations of Royal Commissions— Growths in streams as signs of pollution — 
Bibliography. 

In the foregoing pages reference has frequently Been made to the results 
of analysis, and in the present chapter it is proposed to indicate briefly 
how those are obtained, inasmuch as they depend to. a considerable extent 
upon the methods employed. 

For a long time chemists have advocated the adoption of standard 
methods of analysis, and it is understood that the Iloyal Commission on 
Sewage Disposal is now considering the question witli regard to water and 
sewage effluents. It will be well if some generally acceptable scheme is 
thus evolved, for in the’ analysis of such liquids the adoption of standard 
methods seems specially advisable. Meanwhile tlic best that can be done 
is to record results and to state how they were obtained, as they are thus 
rendered more useful to other chemists. 

With regard to the analysis of waste liquids arising from manufacturing 
processes, the methods are in the main the same as those employed for 
water and sewage, but it must be borne in mind that special problems are 
continually presenting themselves, and these must be solved by the 
adoption of special methods. Still, it is possible to speak of a routine 
analysis which includes, besides a note of the physical characteristics, some 
or all of the following determinations : — 

Total solids. 

Solids in suspension (dried at lOO" C.) 

,, ,, Ash. 

Solids in solution (dried at 100“ C,). 

„ „ ' Ash. 

Chlorides (in terms of- sodium chloride). 

Ammoniacal nitrogen, from free and saline ammonia. 

Albuminoid „ (Wanklyn). 

Organic „ (Kjeldahl). 
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Nitrous nitrogen, from nitrites. 

Nitric „ from nitrates. 

Oxygen absorbed in 4 hours a.t 26*7“ C. 

Alkalinity in terms of NaHO. 

Acidity „ HgSO^. 

Hardness (in terms of CaCOg) — Total. 

„ - „ Permanent. 

„ „ Temporary. 

Oxygen in solution (c.c. per litre at 0” C. and 760 mm.). 

The results, following the procedure of the 1868 Rivers Pollution 
Commission and the recommendation of a Committee of the British 
Association appointed in 1898, should be expressed in parts per 100,000, 
and this is found very useful in comparing the aiuilyses witlv those of 
Continental and American chemists, who generally express their results 
in milligrammes per litre or parts per million. The results are not really 
parts per 100,000 by weight but centigrammes per litre. As there are, 
however, 100,000 centigrammes of water in a litre, no appreciable error is 
generally involved. E(piivalents of parts per 100,000, grains per gallon, 
and milligrammes per litre are given in the following table : — 



Parts per 
100,000. 

Gi’ains per 
Gallon (Parts 
per 70,000). 

Milligi'ammes 
per Litre (Parts 
per Million). 

1 part per 100,000 . 

1 1-00 

0-70 

10-00 

1 grain pci* gallon 

1'48 

1-00 

14-29 

1 milligramme per litre . . ! 

0-10 

0-07 

1-00 


The analysis is generally performed on the thoroughly shaken sample 
and not on the filtered or settled liquid, as it is the liquid with the 
accompanying suspended matters which is likely to be discharged into the 
stream. Occasionally it is necessary to know the nature of the liquid 
apart from the suspended matters, and in such cases an additional analysis 
is made after the suspended matters have been removed by filtration. 

If the sample contains fibres or lumps of solid matter which would 
prevent an average portion being taken, and which cannot be broken up 
by a thorough shaking, these are removed and separately weighed. For 
this purpose a sieve of brass wire gauze (constructed with wire of 0*0076 
inch in diameter, No. 36 S.W.G.), in which there are 1600 apertures to the 
square inch, is used, and a note is made of the amount and nature of the 
solids thus removed. The analysis is then made on the liquid which has 
passed through the sieve. 

Physical Characteristics. — Under the heading of Physical Character- 
istics the appearance of the liquid as to colour, turbidity, etc., is described, 
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the apparent amount and character of the sediment, the odour, and the 
reaction to litmus paper. 

The turbidity is sometimes measured according to a method described 
by Keid (Proc. Roy, Soc,, 1907, B, vol. 79, p. 63), in which the depth of 
liquid is measured which is necessary to obscure black cross lines, engraved 
on a white porcelain disc, at the bottom of a two-foot glass tube. , 

Observations made as to the sensitiveness of the litmus test show that 
the changes in colour dcj>ond upon the length of exposure of the papers 
as well as upon the amount of acidity or alkalinity of the liquid. 1 Pipers 
supplied by different makers also vary in sensitiveness, the bibulous paper 
suppli(;d in tins by the Helfenberg Chemical Works Co., Ltd., Dresden, 
(Tcrmany, having been found very semsitive. 

Solutions of sulphuric acid containing 1, 2, b, 7, 10, 15, and 20 parts 
per 100,000 were prepared and tested with blue litmus paper. The first 
two solutions did not change the colour of the pape^r for about two minutes 
and would be considered as only slightly acid, the others reacted almost 
immediately. Similar solutions of acetic acid were also prei)ared and 
tested. The first two only caused a slight reddening of the paper 
after four minutes, and would be considered very slightly acid ; up to 7 
parts the acidity was only slightly marked, about e(iual to 2 parts of 
sulphuric acid, whilst above this the acidity was decided. Acidity pro- 
duced by one part of sulphuric acid or 2 parts of acetic acid per 100,000 
was readily noticeable by the taste. 

Solutions of caustic soda, containing 1, 2, 3, 5, 7, and 10 parts per 
100,000, were also prepared and tested with red litmus paper. With less 
than 2 parts per 100,000 the alkalinity was not shown by litmus paper; 
with 2 to 5 parts the reaction was slight, and with more than 5 it was 
distinct. The first three solutions tasted like distilled w’ater, the fourth 
and fifth were slightly alkaline, and the taste was distinct with the solution 
containing 10 parts. It will be noticed that the tongue is not so sensitive 
to alkalinity as litmus paper, although it is more sensitive to acidity, pro- 
bably because the secretions of the mouth are usually alkaline. 

Total Solids. — This figure is the sum of the solids in suspension and 
the solids in solution. Only rarely is it the result of a direct determina- 
tion, which is carried out in the same manner as the estimation of solids in 
solution. 

Solids in Suspension. — In determining these the sample is thoroughly 
shaken and 50 to 1000 c.c. (according to the amount of sediment) are 
passed through a filter paper, which has been previously dried in a steam 
oven at 100“ C. until its weight remains constant. In filtering the sample 
the first runnings are generally passed through the filter paper a second 
time to get rid of any suspended matter which has escaped. The filter 
paper with the solids is next washed with distilled water and then dried 
in the steam oven until constant in weight. The increase in weight gives 
the amount of solids in suspension in the amount of sample taken. 
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In detemining the ash of the suspended solids the filter paper and 
solids are transferred to a weighed platinum cjipsule and ignited in a 
► muffle furnace. ^ The addition of a few drops of ammonium nitrate solution 
considerably helps the ignition of the filter paper, the ash of which must 
be allowed for. 

• Sometimes the liquid is so thick and turbid that it takes days to filter 
a sufficient quantity to permit of the solids in suspension being determined 
as above. In such cases direct determinations of the total solids and solids 
in solution are made, the diflerencc between these figures being retunied 
as solids in suspension. This method is also preferable in some cases where 
the solids in suspension would be washed away by distilled water. In 
using such a method it sometimes happens that the ash of the solids in 
solution is larger in amount than the ash of the total solids, especially in 
cases where there is a large amount of easily combustible matter in the 
suspended solids, but the use of a muffle furnace for “burning off” to some 
extent meets this difficulty. 

Solids in Solution.— In estimating the solids in solution, or the total 
solids when these are estimated directly, a suitable volume (generally 
100 c.c.) of the filtrate from the foregoing process, or of the well-shaken 
liquid, is evaporated in a previously weighed platinum dish, first to a 
small bulk over a liunsen fitted with a Hose burner, and then to dryness 
on a water bath. The dish is then dried in the steam oven until its 
weight ceases to diminish. The method by which the filtrate is obtained 
influences the result of this determination. The filter papers generally 
used are Munktells No. 1 F, but even clearer filtnVtes are obtainable by 
the use of a small Berkofeld filter of infusorial earth, aided by a filter 
pump, which much hastens the process. The ash of the solids in solution 
is determined by heating the platinum dish and contents to a dull red 
heat in a muffle furnace and subsc(juently weighing. 

The platiiiuin dishes are alloyed with 10 per cent, of iridium. Their 
loss in weight, due to the ignition of corrosive liquids and the cleansing by 
means of finely powdered bath brick (which has been levigated in a stream 
of water), has been measured from year to year. Fifteen dishes in 
constant use gave an average loss per annum of 0*1 per cent., the largest 
individual loss being 0*2 per cent., and the smallest 0-02 per cent. 

Chlorides (in terms of Sodium Chloride). — Chlorides are estimated by 
titration with a solution of silver nitrate, using potassium chromate as 
indicator. The method is directly applicable to neutral or slightly 
alkaline liquids, but not to those which are acid or strongly alkaline. A 
convenient method of neutralising acid liquids is by means of calcium 
carbonate, as any excess is easily filtered off. Strongly alkaline liquids 
are neutralised with nitric acid before titration. In the case of liquids 
having a strong colour, or much turbidity, or containing sulphides, the 
sample is evaporated to dryness with the addition of a little lime or 
sodium carbonate, and ignited gently (a strong ignition volatilises a 
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portion of the chlorides). The residue is then taken up with water, 
filtered, and the chlorides titrated with silver nitrate. The strength of 
the silver nitrate solution (14*825 grammes per litre) is such that if 50 c.c. 1 
of the effluent are titrated the number of c.c. required multiplied by 10 
gives the amount of sodium chloride in parts per 100,000. 

Ammoniacal Nitrogen (from free and saline Ammonia). — A suitable 
quantity of the sample is distilled from a retort or distdling flask contain- 
ing about 400 c.c. of distilled water, which has previously been made 
slightly alkaline and boiled free from ammonia, and the distillate is 
Nesslerised. The volume of liquid taken varies very considerably accord- 
ing to its nature— 50 c.c. being generally a suitable quantity — and the 
quantity taken influences the amount of distilled water used, as sufficient 
must be used to allow of a large volume of distillate being collected at 
this stage, and also in the subsequent process for the determination of 
albuminoid nitrogen. 

The distillate is collected in Nessler tubes in portions of 100 or 50 c.c., 
and the distillation is continued until the final portion gives no coloration 
on addition of Nessler s reagent (about 2 c.c. to every 100 c.c. of liquid). 
The amount of ammonia is then estimated by matching the colour pro- 
duced in the separate portions with that produced by adding Nessler’s 
reagent to a solution containing a known amount of ammonium chloride. 
This solution contains 0 00001 gramme of nitrogen per c.c. This method 
of estimating ammonia is so delicate that by its aid, using 1000 c.c. of 
a water, one part can be detected and estimated in a hundred million parts 
of the water, *■ 

In very clear water the estimation may be made by the direct addition 
of the Nessler reagent, but even then there is risk of interference by the 
salts present in solution. Sometimes the distillate is not clear because of 
substances which have been carried over with the steam, and in such 
cases the liquid must be filtered through a filter paper which has previously 
been washed with ammonia-free water, before the addition of the Nessler 
reagent. These particulate substances, especially fatty matters, distilled 
over with the steam contain nitrogen in the albuminoid form, but not 
as free and saline ammonia. 

The colour produced by ammonia or salts of ammonia with Nessler’s 
reagent is not produced by ethylamine, aniline, or napthylamine, as might 
be expected from the similarity in constitution between these bodies and 
ammonia. 

The choice between retorts and distilling flasks is largely a personal 
matter, the same results being obtainable with both, and neither is more 
economical in point of time or of breakages. A distilling flask does 
possess an advantage in the case of liquids which froth considerably or 
bump violently, but bumping may be effectually prevented by placing 
two or three small pieces of crumpled platinum foil at the bottom of the' 
retort. 
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Pr^aration of Nessler^i Reagent , — Dissolve 70 grammes- potassium 
iodide in 200 c.c. of distilled water and 32 grammes mercuric chloride in 
^ 600 C.C. of distilled water. Add the second solution gradually to the first 
until a slight permanent red precipitate is formed and then dilute to 2 
litres with a 20 per cent, solution of stick caustic soda which has been 
boded to free it from annuonia. Now add more of the mercuric chloride 
solution in small quy,ntitics at a time until a permanent yellow precipitate 
is just formed. Allow this precipitate to settle and decant the clear super- 
natant liquid, which is then ready for use. 

Albuminoid Nitrogen. — The process used in this determination was 
devised by Wanklyn in 1867 {Journal of the Chemical Society ^ 1867, vol. 
20, p. 445). It aims at e.stimatiug the organic matter in a litjuid such as 
a sewage effluent, and depends upon the fact that complex nitrogenous 
organic bodies in such liquids are partially decom]>osed, with lil>eration of 
ammonia, by boiling them in an alkaline solution of permanganate of 
potash. This test is not an exact measure of the amount of organic 
matter present, but rather an estimation of that part of it which is liable 
to undergo putrefactive decomposition. 

To the licpiid remaining in the retort after the free and saline ammonia 
has been distilled olT, or to the li([uid diluted with ammonia-free water, if 
only a small volume remains, 25 c.c. (or more in the case of very bad 
liquids) of an alkaline solution of permanganate of potash (containing 
8 grammes KMnO^, and 150 grammes NaOH per litre) are added and the 
distillation continued as in the previous estimation until no ammonia is 
present in the last portion of distillate. The amme^nia in the distillate 
is estimated with Nessler’s reagent. As in the distillation of free and 
saline ammonia, substances are sometimes carried over in the steam and 
must be filtered off before Nesslerising the distillate. These substances 
contain nitrogen which can be converted into ammonia by prolonged 
boiling with alkaline permanganate of potash, but this is not included in 
the results. 

In dealing with some polluted liquids containing much organic matter, 
ammonia continues to come off as long as boiling is continued, and this is 
another reason for regarding the test as a comparative one rather than an 
accurate determination. 

Organic Nitrogen. — Kjeldahl discovered that boiling concentrated 
sulphuric acid converts the nitrogen of nitrogenous organic bodies, with 
very few exceptions, into sulphate of ammonia. By rendering the solution 
thus obtained alkaline with a solution of caustic soda, and distilling off and 
estimating the amtnonia either with Nessler’s reagent or by means of acid 
of standard strength, we have a method of determining the nitrogen in 
sewages and trade refuse. 

A suitable quantity ^about 50 c.c. of an ordinary effluent) of the 
liquid is heated with 10 c.c, of concentrated sulphuric acid (yielding not 
more than about 0*00001 gramme nitrogen per c.c. when distilled with 
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caustic soda). In the case of very bad effluents, frothing first takes place, 
and then about 0*5 gramme anhydrous copper sulphate may be added. 
The complete destruction of the organic matter is indicated by the liquid ^ 
becoming clear, a condition which may sometimes be hastened by the 
additit)n of a few grammes of potassium sulphate to enable a higher 
temperature to be obtained. In most cases, however, neither the copjier 
sulphate nor the potassium sulphate arc necessary, an(l the li(|uid becomes 
clear in about an hour after boiling has commenced. Very good waters 
do not blacken during this process, and it is then advisable to add a small 
quantity of pure cane sugar as an indicator to ensure blackening and 
subsecpieiit clarification. When this part of the process is complete the 
remaining liquid is allowed to cool and is diluted witli ammonia-free water. 
A sufficient amount of ammonia-free solution of caustic soda to render 
the liquid alkaline is added, and the mixture distilled. The ammonia in 
the distillate is estimated cither by Nesslerising or by catching the 
distillate in acid of standard strength, and from this estimation the 
amount of nitrogen is calculated. The amount of nitrogen estimated by 
Kjeldahl’s process, less that from free and saline ammonia, is termed 
organic nitrogen. 

In the above distillation, especially if the ammonia is caught in acid, 
it is necessary to use a flask fitted with a trapped bulb, in order to prevent 
caustic li(|uid being carried over with the distillate. 

When nitrites or nitrates arc present they are partly converted to 
sulphate of ammonia, thus interfering with the result, but if an attempt 
is made to correct this error, by first reducing these bodies and estimating 
their nitrogen along with the nitrogen from free and saline ammonia, it 
is found that some of the nitrogenous organic bodies are simultaneously 
decomposed with formation of ammonia. 

The ratio of the organic nitrogen to the albuminoid nitrogen affords 
a rough guide to the quality of a liquid. The former is invariably 
higher than the latter, and Dr M’^Gowan (Royal Commission on Sewage 
Disposal, 1898, Fourth Report, supplementary vol. 4, part 5, p. 24) 
proposes to call the difference between the Kjeldahl nitrogen and the sum 
of the ammoniacal, albuminoid, nitrous and nitric nitrogens, the “X” 
nitrogen. This “X” nitrogen is more stable than the albuminoid 
nitrogen, and as purification proceeds the albuminoid nitrogen is more 
rapidly attacked than the “X’’ nitrogen, the proportion of which con- 
sequently becomes larger. As to the actual amount of “ X ” nitrogen 
occurring in liquids no general statement can be made, but it has been 
observed that the ratio of the organic nitrogen to the albuminoid nitrogen 
is fairly constant for li(piid8 of the same class. For good river waters, for 
example, this ratio is about 6'0, sinking to about 3-0 in more polluted 
waters. In sewage effluents the ratio is about *4*0 or 3*0, and in crude 
sewages about 3*0, whilst in grossly polluting trade liquids it sinks as low 
as 2*0 or even lower. 
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iSitcouB Nitro^ten. — The method adopted for this determination 
depends upon the amount present. The siilphanilic acid method is very 
delicate and is used to estimate very small quantities. The metapheny- 
lenediamine method is used when the quantity to be estimated exceeds 
about 0*005 parts nitrogen per 100,000. Both methods arc colorimetric. 

Sulphanilic Acid Method. — 2 c.c. of the reagent known as Griess- 
Ilosvay solution, prepared by mixing a solution containing 1 gramme 
sulphanilic acid, 14 '7 grammes glacial acetic acid, and 285 c.c. water with 
an equal volume of a solution containing 0*2 gramme a-naphthylamine, 
14*7 grammes glacial acetic acid, and 325 c.c. water (sec Fowler, Sewage 
Works Analyses, 1902, p. G4), are added to 10 or 50 c.c. of the effluent in 
a Nessler glass, when a pink colour is produced if nitrites are present. 
The pink colour is matched with that produced by known amounts of 
potassium nitrite present in a standard solution (containing either 0*00001 
or 0 000002 grammes nitrogen per c.c. as nitrite) treated in exactly the 
same manner. 

This reaction is so very delicate that effluents containing large amounts 
of nitrous nitrogen produce such a deep pink tint that it is difficult to 
match correctly, and in such cases the less delicate metaphcnylenediamine 
method is preferable. 

Metaph€7iylenediamine Method. — k solution containing 8 grammes of 
the hydrochloride of the diamine in a litre, and another containing 1 
part of sulphuiic acid to 3 of distilled water are prepared, and 1 c.c. 
of each of tliese solutions is added to 10 or 50 c.c. of the sample in a 
Nessler glass. In the presence of nitrites a yellowish-brown colour 
(similar to that produced by Nessler’s reagent in the presence of ammonia) 
is produced, and this is matched with that produced by known quantities 
of the standard potassium nitrite solution as in the previous method. 

When nitrites are present in an effluent they absorb oxygen in the 
potassium permanganate test, with the result that the effluent appears 
worse than is really the case. In order to measure the extent of the 
error introduced by neglecting the nitrites, a series of sixty-five sewage 
effluents was tested, and it was found that the error is so small that it 
does not cause any alteration in the classification of the effluent as good 
or bad. 

Nitric Nitrogen. — One chief aim in the purification of waste waters is 
the oxidation of the nitrogen of the organic matter into the form of 
nitrates. The estimation of these, which are expressed as nitric nitrogen, 
is therefore of great importance. 

The method adopted is the Sprengel or phenolsulphonic acid process 
(Grandval and Lajoux, Comptes rendns, 6th July 1885), misnamed the 
picric acid process. Of the effluent 25 c.c. are evaporated to dryness in 
a porcelain basin on the Vater bath, 2 c.c. of a mixture of equal parts of 
phenolsulphonic acid and water are added, and the heating on the water 
bath continued for a few minutes. An excess of ammonia is now added 
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(cauatic potash produces the same result and is preferable if the operation 
is performed in a room where amnionia determinations are being carried 
out), and in the presence of nitrates a yellow colour is produced. The 
colour is matched, just as in Nesslerising, with that produced by sub- 
mitting 10 c.c. of a standard solution of potassium nitrate (1 c.c. containing 
0*00001 gramme nitrogen as nitrate) to the same process. The yellow 
colour obtained in this test varies somewhat, according to the method 
employed for making the phenolsulphonic acid. It is best prepared by 
adding gradually a solution of 18 grammes crystallised phenol in 9 c.c. 
distilled water to 111 c.c. pure sulphuric acid and allowing the mixture 
to stand in a stoppered bottle for several hours on the water bath. 

The nicthod is a very quick one, but yields results lower than the 
truth in the presence of chlorides (Tatlock and Thomson, Journal of the 
Society of Chemical Industry^ 1904, vol. 23, p. 428). Known solutions of 
sodium chloride and potassium nitrate were submitted to the process, and 
it was found that the results, in presence of such amounts of chlorides as 
usually occur in sewage effluents, may be 10 to 20 per cent, below the 
truth. A simple method of overcoming the difficulty is to remove the 
chlorides with silver oxide before performing the nitrate; test. The 
addition of strong hydrochloric acid to the phenolsulphonic acid has also 
been suggested (see Johnson, Analyst's Lahoratory Companion^ p. 81). 

The term “picric acid process” originated in a belief that the yellow 
colour produced is due to the formation of picric acid (trinitrophenol). If 
this wore the case it should be possible to make standard solutions of 
picric acid (containing known amounts of nitrogen), with which the nitrate 
solutions after treatment by this process could be matched. This was 
attempted, but without success (sec also Report of the Massachusetts State 
Board of Healthy 1890, p. 713). 

Attempts were also made to match the colour with mixtures of ortho-, 
meta-, para-, and tri-nitroplienol, but the tints so produced only served to 
indicate that the yellow colour is due to a very complicated mixture, 
probably containing certain proportions of the various dinitrophenols in 
addition to the above compounds. 

Other methods of estimating nitrates have been tested, notably the 
indigo process, the reduction process with the copper-zinc couple, or with 
the aluminium-mercury couple, and the pyrogallol process, but none of 
these possesses the advantages of the phenolsulphonic acid process. 

Sewage effluents which contain a fairly large amount of organic 
matter as well as nitrates undergo changes on standing, the nitrates 
being partially or wholly used up to oxidise the organic matter, and hence 
it is necessary to perforni the analyses as soon as possible after the samples 
are taken. 

Oxygen Absorbed.-^-The oxygen-absorbed test, owing to the ease with 
which it is performed, and the enormous mass of comparable results 
which has been accumulated, has come to be regarded as one of the most 
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important tests for sewage effluents, and although it does not furnish 
information as to the nature of the organic matter whose presence it 
indicates, it is remarkable that the putrescibility of this organic matter 
may be very well foretold from an analysis which includes the estimation 
of nitric nitrogen and oxygen absorlied. 

• The oxygen absorbed is determined by measuring the amount of 
potassium permanganate decolorised by a known volume of the effluent. 
The estimation is performed as follows: — Into a 12 oz. well-stoppered 
bottle are placed IDO c.c. of distilled water and 10 c.c. of dilute sulphuric 
Jicid (prepared by mixing one volume of concentrated sulphuric acid with 
three volumes of distilled water and tingciilg the mixture with potassium 
permanganate in order to destroy organic matter). The bottle is then 
placed in a vessel of water which is kept at a temperature of 26 '7 “C. 

A suitable (juantity of the liquid under examination (50 c.c. are 
usually taken) is j)laced in the bottle and successive quantities of 10 c.c. 

N 

of potassium j)ermanganato solution are added, so that the excess of 

permanganate, judging from the colour, is never less than about 5 c.c. The 
bottle is kept in the vessel of water for four hours, being occasionally 
gently shaken, and more permanganate solution is added as rccpiired. 

At the end of the four hours 1 c.(5. of a 10 per cent, solution of 
potassium iodide is added and the liberated iodine is titrated with a 

N 

solution of sodium hyposulphite of strength approximately — , starch 

80 

solution being used as indicator. This gives the amount of the hypo- 
sulphite solution which corresponds to the unexhausted permanganate. 
Blank tests are i)erformed in the same manner and at the same time as 
the former with 10 and with 20 c.c. of the permanganate solution, in 
order to determine the strength of the hyposulphite solution and the 
amount of permanganate decolorised by the 150 c.c. water and 10 c.c. 
acid. The difference between the two titrations of the blank tests 
gives the amount of hyposulphite which is equivalent to 10 c.c. of the 
permanganate solution, and the difference between this figure and the 
amount of hyposulphite reipiired in the blank test with 10 c.c. perman- 
ganate gives the amount of permanganate which has been absorbed by 
the water and acid. By making due allowance for the permanganate 
decolorised by the water and acid and correcting for the ascertained 
strength of the hyposulphite solution, the exact amount of permanganate 
decolorised by the effluent is easily estimated. 

The strengths of the above solutions are so arranged that the number 
of c.c. of permanganate decolorised by 10 c.c. of the liquid gives the 
oxygen absorbed in parts per 100,000. 

Variations in the time during which the action of the permanganate is 
allowed to proceed have been recommended {Analy%t^ 1881, vol. 6, 
p. 127), but yield little additional information, except in a few cases where 

21 
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Hubstanueu are present which have siii instantaneous reducing action upon 
permanganate, and in such cases the three minutes’ test may be valuable. 
It was thought that the result of the four hours’ test might be calculated 
from those of the throe minutes’ and two hours’ tests, and within certain 
limits this was found to bo possible. In order to try this, analyses of a 
hundred and fifty sewage effluents were made, in whicli the throe minutes’, 
two hours’, and four hours’ tests were included, and if A, B, and C represent 
the results of these tests respectively, it was found that C = B+ J (B — A). 
This moans that the organic matter in the liquid absorbs oxygen rapidly 
during the first three minutes, more slowly up to the end of two hours, 
and still more slowly in a further period of two hours, the total amount 
absorbed during the last period amounting very approximately to a third 
of that absorbed during the second period. 

Some authorities do not add the 150 c.c. of water as in the above 
method of estimation. One hundred and sixty sewage effluents were 
examined by both methods, and it was found that higher results were 
invariably obtained when the sample was not diluted, but that there was 
no regular relation lietween the two. It was evident, therefore, that if the 
results of this test are to b(* strictly comparable the analysis must always 
be carried out in the same way (for a discussion on this subject see Joimi. 
iSoc. Cheui. Ind., 1898, vol. 17, pp. 11, 425). In the tests carried out by 
the Royal Commission (see Fourth Report, supplementary vol 4, part 5, 

N 

p. 37) 10 per cent, sulphuric acid and — permanganate were used, but 

8 

this variation from ordinary custom has not met with general approval 
and scarcely seems warranted. Some two hundred sewage effluents have 
been tested by the Royal Commission method and by the ordinary method, 
and it has been found, as was to be expected, that the former invariably 
gives higher results. The average nitio between the two results was 2 ’09, 
but this was by no means constant, varying from TOO to 3 '39. 

In many kinds of trade refuse substances are present which are only 
partially removed by a purification process, and which have the power of 
rapidly absorbing large (piantities of oxygen, such, for instance, as the 
sulphur compounds and phenolic bodies in spent gas liquor. In these 
cases the test by itself is of very little value in determining the 
putrescibility of the effluents. 

Alkalinity or Acidity. — Little need be said about these determinations 
except as regards the use of indicators. The solutions of acid and alkali 
N N 

used for the titration are — hydrochloric acid and — caustic soda. In 

estimating alkalinity phenolphthalein and methyl orange are both used as 
indicators. In adding acid to an alkaline liquid in the presence of methyl 
orange the yellow colour only turns to red when sufficient acid has been 
added to neutralise all the alkali which is present, whether in the free state 
or combined with carbonic acid. The distinctive pink colour of the phenol- 
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phthalein disappears before this point has been reached, nanw ly, when all 
the free alkali has been neutralised and that present as carbonate half 
converted to chloride and half to bicarbonate. When it is evident that 
the alkali is chiefly present as carbonate the result as given by the methyl 
orange test is set down in terms of NagCOg, CaCOg, or (N 114 ) 2003 , which- 
ever is likely to be present. When, on the other hand, the alkali is 
chiefly present in *thc caustic state, the result as given by the phcnol- 
phthaloin test is set down in terms of NaOH, CaO, or NHg. 

In estimating acidity methyl orange is the indicator generally used, 
but where the acidity is due to weak acids such as acetic or lactic, 
phenolphthalcin is more relia}>le, but it must he borne in mind that the 
latter is aft ec ted by carbon dioxide. 

Some liquids are so deeply coloui*od as to hide the changes in the 
indicators during titration. In such cases the dye present in the liquid 
may itself act as an indicator, or it may be necessary to use litmus paper, 
or to note the change which occurs when a drop of the indicator is placed 
on a white tile and a drop of the titrated liquid added to it. 

Hardness. — The hardness of a water or trade cftluent is generally due 
to the presence of calcium or magnesium salts. These produce a pre- 
cipitate from a soap solution and hinder the formation of a lather, and 
upon this fa( 5 t is founded the method of estimating the hardness of a 
liquid. About 6 grammes oleic acid and Tb grammes of potjissium 
carbonate are ground together in a mortar with a little warm water, 
the mixture dissolved m about 500 c.c. methylated spirits, and the 
solution diluted with an equal volume of watel. A standard hard 
water is made by dissolving 0*2286 grammes of pure calcite or calcium 
carbonate in hydrochloric acid, evaporating to expel the excess of acid, and 
dissolving the residue in one litre of water, makijig a solution of hardness 
equivalent to 22*86 parts OaCOg per 100,000 (or 16 00 grains per gallon). 
To 50 c.c. of this standard hard water in a well-stoppered 10-oz. bottle the 
above soap solution is added gradually, 1 c.c. or less at a time ; the 
mixture after each addition is shaken, and the process continued until the 
lather which forms lasts and covers the whole surface for at least five 
minutes. The strength of the soap solution must be so adjusted that 
16 c.c. are required to produce this result. 

50 c.c. of the water to be tested are taken and the soap solution added 
gradually as above until a lasting lather is formed. From the amount of 
soap solution required the hardness can then be estimated by comparison 
with the standard hard water, and it is convenient to use tables which 
show corresponding amounts of soap solution and hardness expressed in 
terms of calcium carbonate (see Johnson’s Analyses Laboratory Comr 
panion). If 50 c.c. of the sample being tested require more than 16 c.c. 
of the soap solution, the sample is diluted before the test is made. 

The hardness as determined in this way is called the “total hardness.” . 
Pi^rt of this hardness may be due to the presence of bicarbonates 0 ! 
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calcium or magnesium, and in order to estimate this a quantity of the 
liquid is boiled, when, by the escape of carbonic acid, the bicarbonates are 
converted into carbonates, which are precipitated and can be filtered oflf. 
The filtrate is made up to the original volume by the addition of distilled 
water and its hardness tested as before. This gives the “permanent 
hardness ” of the liquid. The difference between the “ permanent hard- 
ness ” and the “ total hardness ” is called the “ temporary hardness.” 

Besides the permanence of the lather formed in this test, the alteration 
in the sound omitted when the liquid is shaken and the feel of the bottle 
when it is shaken indicate the point when sufficient soap solution has been 
added. 

The results given by the above test might properly be called the 
“soap-destroying power” of the lujuid, and many chemists advocate the 
employment of Hchiier’s method of estimating hardness from the alka- 
linity, but since the objection to calcium and magnesium salts is due 
largely to their soap-destroying power, the above method has been 
selected. 

Oxygen in Solution. — Tlic oxygen in solution is measured by the 
process devised by Winkler {Ber. der deuMien Chem. Geii., vol. 21, p. 2843 ; 
vol. 22, p. 17G4 ; Journ, Sue, Chem, Jnd.^ 1889, vol. 8, p. 727), and 
modified by liidcal (Analy/tt^ 1901, vol. 26, p. 141). A stoppered bottle 
containing about 250 c.c. is completely filled with the liquid under 
examination ; to this is added 1 c.c. of a solution formed by mixing equal 
volumes of concentrated sulphuric acid and water. A standard solution 
of permanganate of po^tash is then added drop by drop until a permanent 
pinkish tint is obtained. The permanganate ensures the oxidation of 
nitrites, which would otherwise have a disturbing influence. 

The lujuid is now dqcolorised by the addition of a few drops of a 
saturated solution of potassium oxalate, and 1 c.c. of a 33 per cent, 
solution of manganous chloride and 1 c.c. of a solution containing 33 per 
cent, of caustic soda and 10 per cent, of potassium iodide are added. 
This causes the precipitation of white manganous hydrate, which absorbs 
any dissolved oxygen, turning brown from the formation of manganic 
hydrate. The bottle is stoppered, taking care to exclude all bubbles of 
air, and well shaken, and the precipitate allowed to settle, after which 
2 c.c. of concentrated hydrochloric acid are added to dissolve the precipi- 
tate and liberate the iodine from the potassium iodide. The iodine is 
N 

then titrated with ~ sodium hyposulphite as in the oxygen-absorbed test, 
80 

using starch solution as indicator. Each c.c. of the hyposulphite solution 
corresponds to 0*07 c.c. of dissolved oxygen measured at 0“ C. and 
760 mm. pressure. ^ 

In this test great care is necessary in taking the sample to exclude all 
bubbles of air and to avoid shaking the liquid. It is best to take the 
sample in a bucket and then to transfer it to aspirator bottles. These 
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are immersed in the liquid with the top stopper removed, allowed to fill 
gradually by removing the bottom stopper underneath the surface of the 
liquid, and tlien stoppered before they are lifted out of the bucket. 
Samples of river water may be taken directly in this way. 

If the sample is strongly coloured or contains matter in suspension 
\thich interferes with the above determination, an aspirator bottle of some 
800 c.c. capacity is first filled as above, and into this ‘are introduced (a) 
3 c.c. of a saturated solution of aluminium chloride to which sodium 
carbonate has been added until a precipitate is just beginning to form, 
and (^>) .3 c.c. of a saturated solution of sodium carbonate. The bottle is 
corked without allowing any air to enter, well shaken up and allowed to 
stand, when the precipitated hydrate of aluminium brings down the 
suspended matter very quickly and leaves a clear and colourless Ikjuid. 
This supernatant Ikjuid is syphoned into a 250 c.c. bottle and the dissolved 
oxygen determined as above. 

If duplicate samples are collected and one examined on the spot and 
the other analysed in the laboratory, the latter invariably gives a lower 
result, some or all of the dissolved oxygen being used up by the organic 
matter. The test is therefore best performed when the sample is taken. 
It yields, however, the same results in both cases when the process is 
carried as far as the formation of the manganous hydrate at the time of 
taking the sample, and the rest of the process is performed in the laboratory. 

It is frequently useful to aerate the sample thoroughly by shaking it 
with air in a stoppered bottle, dividing it into two, and estimating the 
dissolved oxygen immediately in one half and in the other after keeping 
it for twenty-four hours. The effluent may be called unsatisfactory if the 
amount of dissolved oxygen remaining falls below 50 per cent, of that in 
the first half (Dibdin, The Purificaiion of Sewn and ]Vatei\ 1903, p. 297 ; 
Kamsay, Cheni. Zeit., 9th May 1906, p. 432). 

It is also useful, in order to imitate what takes place when a liquid 
is discharged into a stream, to mix the liquid with different volumes of 
fully aerated tap water and to note the rate at which the oxygen is used 
up, by ascertaining the amount of dissolved oxygen which remains after 
the mixtures have been kept for different periods. This is the basis of 
the method recommended by the Koyal Commission (Fifth Report, p. 221, 
and Eighth Report, p. 2) to be adopted in classifying sewage effluents, and 
in an Appendix to the Eighth Report instructions are given for carrying 
out this test. 

Putrescibility. — The estimation of the putrescibility of an effluent is 
regarded by many as a very important test, but although it is compara- 
tively easy to carry out, it does not yield (juantitative results as valuable 
as those yielded by tht more difficult estimation of the dissolved oxygen 
in the various ways described. The simplest form of the test is to keep 
the effluent in a stoppered bottle, from which all air is excluded, at a 
temperature of about 26*7“ C., representing the temperature of a warm 
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summer day, and to observe the lapse of time before signs of putrefaction 
occur. These signs are a blackening of the effluent, or of any sediment, 
an odour of sulphuretted hydrogen, oi* an increase in the oxygen absorbed 
in three minutes. 

Sometimes ten days or more elapse before an effluent shows signs of 
putrefaction, and a test of pntrescibility taking up less time has beefi 
recommended by the Prussian Institute for Research in 'Water Purification 
and Sewage Disposal (Spitta and Weldert, Mitt, am der Koniglivhen 
FriifungmmtaU., 1906, vol. 6, p. 160). To 150 c.c. of the liquid is added 
0*75 c.c. of a 0‘05 per cent, solution of methylene blue (B extra, obtainable 
from J. .1. (Iriffin Ar Sons, Ltd , London), and the sample is kept under 
observation for twenty-four hours to see whether the colour is discharged. 
If the blue tint remains for twenty-four hours the liquid will not putrefy. 

Comparing the results of the test of pntrescibility with those of the 
estimation of nitric nitJ‘ogen and oxygen absorbed, it may be stated that, 
generally speaking, an effluent will putrefy if the oxygen-absorbed figure 
exceeds 1 part per 100,000 and nitric nitrogen is absent, or if the oxygen- 
absorbed figure exceeds 2 parts per 100,000 even when nitric nitrogen is 
present. 

Usual Determinations. — The methods detailed above are those in 
general use in the laboratory, but they are seldom all applied in the 
examination of a single sample. In examining trade effluents the physical 
charactc^ristics, the solids in suspension and solution, the oxygen absorbed, 
the acidity or alkalinity, and the hardness arc generally taken as a 
sufficient guide to the character of the liquid. 

Special Determinations. — Besides making the ordinary determinations 
it is often useful to know the amounts of special substances in a li(piid, 
such as the fats in the refuse of wool washing or piece scouring, or sulphur 
compounds and tar oils in chemical refuse. 

Fatty Matter. — 50 to 200 c.c. of the liquid are slightly acidified with 
sulphuric acid, allowed to stand in a w'arm place for a short time to aid 
the separation of the fatty matter, cooled, arid then filtered through paper. 
The paper is then dried in the steam oven and extracted with ether in a 
Soxhlet apparatus, which contains an extraction thimble, and to which is 
attached a weighed flask. At the end of the extraction, which usually 
requires two hours, the ether is distilled off, the flask and filter paper are 
dried separately in the steam oven, cooled and weighed, the loss of weight 
of the filter paper or the increase in weight of the flask giving the amount 
of fat present, and the one figure being a check upon the other. 

Sulphur Compounds.— Sulphur compounds may be present in effluents 
from chemical works where ammonia liquor is manipulated, in the form 
of free sulphur, sulphides, polysulphides, sulphites, thiosulphates, sulpho- 
carbonates, sulphocyanides or sulphates. The determination of the 
amount of each of these is a very involved process even in a mixture 
containing only these substances, but becomes more so in the presence 
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of the other compounds occurring in these effluents. The fculphates are 
•jn the wlicle the least objectionable, hence the practice is to estimate "the 
sulphate sulphur in one portion of the effluent, and to determine the total 
sulphur in another portion. The difterence between the total sulphur and 
the sulphate sulphur gives the amount of “ sulphur in other forms.” 

• The sulphur present as sulphates is estimated by adding hydrochloric 
acid and precipitafing with barium chloride, filtering off. and weighing the 
precipitate of barium sulphate, from which the amount of sulphur can be 
easily calculated. 

The total sulphur is estimated by rendering the liquid alkaline and 
oxidising by boiling with an excess of potassium permanganate, thus con- 
verting all the sulphur compounds into sulphates. The liquid is then 
boiled with concentrated hydrochloric acid until clear, and the sulphates 
precipitated with barium chloride. The licpiid should then stand over- 
night to ensure (aanplete precipitation of the barium sulphate, from the 
amount of which the total sulphur is calculated. 

This metliod of estimating total sulphur possesses an advantage over 
the one recommended for gas liquors in the Alkali Inspector’s Annual 
Report for 1899, p. 50, in being an oxidation process in alkaline solution, 
thus preventing a possible loss of sulphuretted hydrogen or sulphurous 
acid which an acid oxidation process involves. It was suggested by a 
paper by Lunge on “Oxidation of the Sulphur Compounds occurring in 
the Manufacture of Caustic Soda” (Jmmial of the Society of Chemical 
Industry, 1883, vol. 2, p. 460). 

The sulphur in the form of sulphocyanides can readily bo estimated 
colorimetrically by adding ferric chloride and sul])huric acid. This pro- 
duces a blood-red tint, which can bo matched with that produced in solu- 
tions containing known amounts of sulphocyaiiide. Great care must be 
taken to work always with the same amounts of the reagents and the 
same volumes both of the standard solution and of the liquid to bo 
tested, as the tint produced varies very greatly with the proportion of 
the reagents present. 

Tar Oils.— The tarry matter in the effluents from chemical works is 
principally in the acid form, although basic and neutral tar oils are also 
present. 

The effluent is acidified with sulphuric acid and well shaken with 
ether in a separating funnel, and the separated ethereal layer is distilled 
to remove the ether, the last traces of which are evaporated in the steam 
oven. The weight of the tarry matter thus obtained is that of the acid 
and neutral tar oils, which are usually given together as “ acid tar oils. 
The liquid from which these have been extracted is then made alkaline 
and again submitted ^ Jbhe ether extraction process, when the weight of 
tarry matter obtained is that of the “ basic tar oils. 

If the operations of ether extraction be performed in the reverse order, 
that is, first on an alkaline and then on an acid solution, the basic and 
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neutral tar oils are obtained in the first extract, and in the second the 
acid. This gives a method of estimating the neutral tar oils, and in 
such operations these have usually been found to be aboui: the same in 
amount as the basic, and very much less than the acid. 

LIMITS OF IMPURITY. . 

Every authority dealing with the pnn^ention of pollution of streams 
has repeatedly been asked by manufacturers to state? what standards of 
purity must be reached before an effluent can be considered fit to discharge 
to a stream, or, in other words, what limits of impurity are allowable in 
such an efHuent. The re(piest is a natural one, but most difficult to satisf 3 ^ 
'J'he Royal Commission of 18G8 re])eatedly pro])osed such standards, and 
finally recommended (Fifth Report, p. 49) that the following liquids be 
deemed polluting and inadmissible into a stream : — 

“(a) Any liquid which has not been subjected to perfect rest in subsidence 
ponds of sufficient size for a ])eriod of at least six hours, or which, having 
been so subjected to subsidence, conUiins in i^iispensum more than one 
part by weight of dry organic matter in 100,000 j)arts by weight of the 
li(|uid, or which, not having been so subjected to subsidence, (iontaiiis 
in SKspenmn more than .3 ])arts by weight of dry mineral matter, or 
1 part by weight of dry organic matter in 100,000 parts by weight of 
the liquid. 

(b) Any liquid containing, in solution^ more than 2 parts by weight of 

organic carbon, or 0*3 part by weight of organic nitrogen in 100,000 
parts by weight. 

(c) Any li(piid whieV shall exhibit by daylight a distinct colour when a 

strataim of it one inch deep isplac-ed in a white porcelain or earthenware 
vessel. 

(d) Any liquid which contains, in solntm), in 100,000 parts by weight, more 

than 2 parts by weight of any metal except calcium, magnesium, 
potassium, and sotbuni. 

(«) Any liquid whicb, in 100,000 parts by weight, contains, whether in 
solution or sasjnmsion, in chemical combination or otherwise, more than 
0’05 part by weight of metallic arsenic. 

(/) Any liquid which, after acidification with sulphuric acid, contains, in 
100,000 jiarts by weight, more than 1 part by weight of free chlorine. 

(g) Any liquiil which contains, in 100,000 ]>arts by weight, more than one 

part by weight of sulphur, in the condition either of sulphuretted 
liydrogen or of a soluble sulphuret. 

(h) Any liquid ])Osses8ing an acidity greater than that which is produced by 

adding 2 parts by weight of real muriatic a'dd to 1(X)0 parts by weight 
of distilled water. 

(i) Any liquid possessing an alkalinity greater than that produced by adding 

1 part by weight of dry caustic soda to 1000 ])arts by weight of 
distilled water. 

(k) Any liquid exhibiting a film of petroleum or hydrocarbon oil upon its 
surface, or containing, in suspension, in 100,000 parts, more than 0*05 
part of such oil. 

Provided always, that no effluent water shall be deemed polluting if it be not 
more contaminated with any of the above-nained polluting ingredients 
than the stream or river into which it is discharged.” 

They recommended that in regard to river pollution arising from mining 
operations (d) and (e) should be suspended, although they hoped that 
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practicable methods wpuld be devised for the purification of such liquids, 
»vhen these standards could be applied to them also. 

The matter was fully disciissed when the Rivers Pollution Prevention 
Act, 1876, was passed through Parliament, but it was found impracticable 
to adopt this rccommondation, and instead it was enacted (Section 4) that 
no offence against the Act is to be deemed to have been committed by a 
person causing a polluting liquid to be discharged into a stream by a 
channel then existing, provided he shows to the satisfaction of the Court 
that he is using “ the best practicable and reasonably available means to 
render harmless” the polluting liquid. The Royal Commission on Sewage 
Disposal now sitting has for fifteen years been considering the question, but 
has not yet come to a final decision. They recommend (Fifth Report, p. 220, 
and Eighth Report, p. 17) that a standard for sewage effluents should be 
fixed by statute or jirescribed by their proposed Central Authority, and that 
the Rivers Hoards or County Councils should have power, subject to appeal 
to the Central Authority, to ask for this to be varied according to local cir- 
cumstances. They suggest (Eighth Report, p. 17) that a sewage effluent 
would generally be satisfactory if it complied with the following conditions : — 

(1) That it should not contain more than 3 ])art8 per 100,000 of suspended 
- matter; and 

(2) That, with its suspended matters included, it should not absorb at 18‘3“ C. 

more than 2’0 parts by weight per 100,000 of dissolved oxygen in five 
days. 

They have not as yet, even provisionally, suggested any standard for 
trade refuse effluents, except in regard to distillery*refuse discharged into 
small fishing rivers, in regard to which they say (Sixth Report, p. 17) 
that an effluent would probably prove satisfactory if it complied with 
the following conditions: — ^ 

(1) That it should not contain more than 3 parts per 100,0(X) of suspended 

matter ; 

(2) That it should be non-putrescible on incubation ; and 

(3) That, after being filtered through filter paper, it should not absorb more 

than 1-5 parts by weight per 100,000 of dissolved or atmospheric oxygen 
in five days. 

As the matter is still as it were mh jmlice^ and as the final recom- 
mendations of the Royal Commission on this subject are likely to be 
issued at an early date, it seems inadvisable to discuss it at any length 
in these pages. It should bo stated, however, that in the opinion of most 
of those responsible for enforcing the Acts for the prevention of rivers 
pollution, fixed standards are not to be recommended, and indeed would be 
impossible to enforce. Such standards must necessarily be fixed as high 
as is reasonably possible of attainment by a manufacturer whose premises 
are favourably situate^ ^ but what is possible for him may be quite im- 
practicable for another manufacturer in the same trade whose premises 
may happen to be hemmed in by other buildings. To take another case, 
standards which could easily be complied with by a dyer would be almost 
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impossible for a tanner or a woolcomber. Again, the high standards 
necessary for effluents to be discharged to a stream of small size or in a 
rural district are quite unnecessary for effluents destined for a navigable 
river or a stream which is not used for water supply either for man or 
cattle. 1 f standards were fixed they would in fact bear very heavily upon 
manufacturers, who arc at present safeguarded by Section 4 of the RiveVs 
Pollution PrevenUon Act, 1876, when they are using the best practicable 
and reasonably available means to render their waste waters harmless. 

In the case of sewage effluents the arguments against fixed standards are 
not quite so strong, inasmuch as they are produced from one class of liquids 
and a Sanitary Authority is in a better position than a manufacturer to 
obtain tlu' necessary site for purification works ; but in this case also tliere 
is always tlie difference in streams to be taken into consideration. 

It will no doubt be urged that fixed standards have been found of use 
in tim Alkali Works Regulation Acts in dealing with gaseous emanations ; 
but these impurities ani discharged into the atmosphere, where any pollut- 
ing matter is rapidly diffused and where the conditions do not vary as they 
do in the streams. When liquid discharges are dealt with (Section f) of 
the Act of 1906), an offender is only called upon to use the f)est practicable 
and reasonably available means for the abatement of a nuisance. 

Although there arc, as has been stated, strong differences of opinion 
with regard to the advisability of fixing standards at all, if they are to be 
fixed, probably all will be agreed as to the correctness of the limit of 3 
parts of suspended matter per 100,000, as this is comparatively easy of 
attainment, while, on the other hand, the discharge of much suspended 
matter into a stream produces an immediate and noticeable pollution. 
Even from an effluent which contains the above apparently small amount 
of suspended matter the stream will receive over a ton of wet sludge with 
every million gallons of effluent. If this sludge is putrescible, there is 
a danger that when it collects in the pools of a stream it will there 
decompose with the liberation of offensive gases. 

Even with such an apparently simple matter as the fixing of the above 
limit for suspended matters in an effluent, the difficulty of dealing with 
the question on hard-and-fast linos cjin be realised when it is pointed 
out that it is only necessary for a manufacturer to dilute his waste 
waters with a sufficient volume of clean water in order to comply with 
a requirement such as this. 

Growths in Streams. — Any standard adopted must, if it is to be of 
any service, have reference to the effect produced by the discharge of an 
effluent into a stream, and this effect cannot be measured solely by a 
chemical analysis. It is often quite as important to observe the living 
organisms which inhabit the stream and to note g.n{" variations which may 
be produced by an effluent, such as the disappearance of some forms and 
the abnormal growth of others. For example, in a stream poisoned by 
ochre water, practically every form of life, with the exception of a few 
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eharacteristic aigee, disappears, while, on the other hand, the pollution of 
n stream by various forms of trade refuse may give rise to profuse growths 
of special orgtviisms. Discharges, for instance, of spent gas liquor have 
been found to cause such a growth of Botrytu vulgaris as to block up the 
channel of a small stream, and in other cases to cover the bed of a stream 
wtth masses of S 2 >h(rrotilus natans^ Beggiatoa alha^ or Oospora and Fusariv/m 
solani. Bleach-croft refuse has caused a large development of Sphcerotilus 
natansy while the effluents from a brewery have been found to favour the 
growth of Monilia variahUis, In the case of a colliery discharging saline 
water such organisms as Enienynuyrpha intestinalis and Amphiprora 
paludosa have been found in the stream below. 

Besides these abnormal growths of special organisms there are also 
invariably less evident changes in the fauna and flora of the stream, such 
as result from any pollution, whether by trade refuse or domestic sewage. 

This aspect of the (piestion has recently reccivcid considerable attention, 
especially by Kolkwitz and Marsson in Germany, who have classified the 
commoner organisms acjcording to the amount of pollution in the waters 
they inhabit. The importance of an examination of these changes in the 
life of a stream can scarcely be overestimated. 
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Piece-scouring, 173. 

preliminary treatment of refuse, 295, 
806. 

sludge from, 268. 

Pit water, 8, 16. 
analysis, 16. 

exempt from legal proceedings, 8. 
Polluted condition of streams, 1. 

Pollution of streams prevcntible, 2. 

Porion evaporator, 276. 

Potash in wool suds, 109 
recovery, 121, 125. 

Power gas, 44. 

sources of pollution fvora, 46. 
Preoipitants, 258. 
acid for kier liquors, 98. 
acid for piece-scouring refuse, 175. 
acid for wool- washing refuse, 111. 
aluminium chloride for waste dyewaters, 
169. 

aluminium salts for tar-distilling refuse, 
216. 


•^eoipitants — eontimied ,- . 

' aluminium sulphate for wwte ayewatera, 
144. 

aluminorferric for blanket-scotftiug re- 
fuse, 196. - * 

alumino-ferric for dyewaters, 136, 157. 
alumino-forric for guie refuse, 220. 
alumiuo- ferric for papfer-mfiiking refuse, 
88 . . ' 
alumino-ferric for* piece-scouring refuse, 
191. 

alumino-ferric for silk-boiling refuse, 
129. 

alumino-ferric for tannery refuse, 82. 
bleaching powder for grease-distilling 
refuse, 212. 

copperas for tannery refuse, 82. 
ferric sviljihate for fiilk-boiling refuse, . 
129. 

iron salts for tar-distilling refuse, 216. 
lime for brewery refuse, 64. 
lime for coal -washing refuse, 17. 
lime for dyewaters, 136, 140, 144, 153, 
155, 157, 168. 
lime for glue refuse, 220. 
lime for grain-washing refuse, 57. 
lime for piece-soouring refuse, 191. 
lime for.tannery refuse, 82. 
lime inadvisable for malting refuse, 59. 
Preliminary treatment of trade refuse, 295, 
*299, 306, 310. 

Preserve making, 234. 

Presses for sludge, 267. 

Prlnceps and Co., 213. 

Priiiceps Oil ExtiacUrr, 214. 

Printing, 169. 

Public Health Act, 1875, 2, 32, 286. 
gas liquor, 32. 

Public Health Acts (Amendment) Act, 
1890, 32, 287. 

Public Health (Scotland) Act, 1897, 288, 
290, 292. 

Pudscy, 299, 309. 

Pumps, 238. 

Putrescibility, 325. 

Pyridine, 216. 

Quenching coke, 5, 24, 37. 

Radcliffe, 33. 

Raikes, 269. 

Ramsay, 325. 

Read Holliday, 160. 

Recovery of— - 

beeswing from grain washing, 66. 
coal from coal washing, 17, 21. 
fibre from dyewaters, 132, 239. 
fibre from paper-making refuse, 89, 92. 
glycerine in soap making, 208. 
grease from blanket-scouring refuse, 193 
grease from piece-scouring refuse, l75 
179, 180, 183, 209, 807. 
grease fen# wool- washing refuse. 111, 
209, 307. 

indigo from waste dyewaters, 161. 
iron salts from waste pickle, 208. 
potasli from wool-washing refuse, 109. 
soda from bleach- croft refuse, KM), 107 
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ReeoyeW (^•^eorUvniied, 

'so4a fr(^»n paper-flaking refuad^ 88. 
sflphur from alkali waste, 207. 

; yeaaf From brewery refuse^ 65. 
Regulations fo( discharge to sewers, 299, 
304. 

Reid, 814. 

Retting of flax, hemp, and jute, 107. 
•Re-use of water — 

blanket scouring, 4 98. 
coal washing, 15, 17. 
dyeing, 138, I4l, 144. 

^ain washing, 68, .57. 

' textile trade, 200. 

Ribble Joint Committee, 4. 

Rideal, 324 
Riley and Son, 198. 

Riparian rights, 294. 

Ripley, Edward, and Sons, 144. 

Rivers Authorities— 

County Councils, 3. 

Joint Committees, 3. 

Lee Conservancy, 4. 

Mersey and Irwell Joint Committee, 
3, 4. 

Ribble Joint Committee, 4. 

'I’liames Conservancy, 4. 

West Riding Rivers Board, 4. 

Rivers Boards advocated, 6. 

Rivers Pollution Prevention Act, 1876, 2, 
5, 6, 8, 29, 169, 286, 291, 292, 329, 
380. . 

defects of procedure, 5, 
gas liquor, 29. 
pit water. 8. 

Rivers Pollution Prevention Act, 1893, 4. 
Roberts, 115. 

Royal Commission on Rivers Pollution, 
1865- 

copperas manufacture, 205. 

dyeing, 130. 

gi'ease extraction, 211. 

paper making, 87. 

polluted condition of streams, 1. 

soap making, 208. 

wool washing, 109, 111. 

Royal Commission on Rivers Pollution, 
1868- 

coal washing, 13, 18. 
discharge to sewers, 286. 
dyeing, 130 

evaporation of wool suds, 120. 
galvanising, 203. 
limits of impurity, 328. 
ochre water, 10. 
ore washing, 230. 
pajicr making, 89. 
piece- scouring, 173. 
pit water, 10. 

polluted condition of streams, 1. 
pollution preventible, 2. 
sheep washing, 226. 

' standards, 328. . • 

Royal Commission on Sewage Disposal, 
1898- 

adequacy of sewage works, 288. 

Central Authority advocated, 4, 292. 
charge for use of sewer, 292, 310. 


Rpyal Commissidn, etc.— ronfmurd. 

- o6al washing, 13, 18. ^ 
discharge to sewers, 5, 286, 292, 309. 
distillery refuse, 6. 

■ distilling, 67. 

limits of impurity, 829. 
malting, 57. 

methods of analysis, 818, 322, 326. 
ochre water, 10. 
paper making, 87. 
pit water, 10. 

recovery of caustic soda, 88. 

Rivers Boards advocated, 5. 
sewage mixed with trade effluents diffi- 
cult to purify, 4, 83, 309. 
sludge pressing, 267. 
sludge treatment, 268, 267. 

Smith-Leaoh ])rocess, 122. 
standards, 329. 
terms of reference, 4. 

Royles, 269. 

Rubber purification, 234. 

Rug making, 80, 

Huggles-Coles drier, 211. 

Rushby, 164. 


Salford, 299. 

Salmon Fisheries Act, 1861, 2, 

Salt deposits, 233, 237. 

Sampling, 282. 

Sand filters, 269. 

Sand washing, 228, 236. 

Scale in boilers, 11. 

Schiele, 89. 

Schirm, 212. 

Schoofs, 225.* 

Schunck, 97. 

Scott and Son, 276. 

Scott’s revolving incinerator, 282. 

Scouring cloth, 173. 

Screens, 269. 

for grain-washing refuse, 55. 

Seak tanks, 112. 

Septic Tank Co., 253. 

Septic tanks, 257. 

Settlement- 
continuous, 246. 
quiescent, 246. 

Settling tanks, 246. 

Sewage- 

domestic, 295, 307, 310, 
mixed witli trade refuse difficult to 
purify, 4, 83, 309. 

Sewers, trade waste waters iu, 82, 286, 
309. 

Shale heaps, 205, 234. 

Shaw, 196. 

Sheep dipping, 226, 236. 

Sheep washing, 225, 236. 

Silcock, 269, 

Silk boiling, 126, 295, 306. 

Simon, 52, 56. 

Siraon-Carvos, 16, 42, 46. 

Simplex Coke Oven Co., 37. 

Size manufacture, 218, 285. 

Slate beds, 274. 

Slaughterhouse refuse, 220, 235. 



rRADE Waste waters.’ 


^ 1 ^^ 184 , 141 , 147 , 264 . 
from jAper*makit»g refuse re-used, 89. 
from sewage, 810. 
from trade refuse, 268, 307, 310. 
from waste dyewaters, 136, 141, 148. 
moisture in, 248. 
pressing, 267. 

removal by' Local Authority, 294, 299. 
Ire&tment, 2684 , 

Jmith, John, and Sons, 120, 124. 
Smith-Leach process, 120. 

Smith's Patent Vacuum Machine Oo., 124, 

210 . 

Soap making, 208, 218, 235. 

Solvay, 207. 

S})ent l\o from soap making, 208. 
Sphceroiilus natansy 65, 331. 

Spittaand Wehiert, 326. 

Stabler, 69. 

Standards, 328.^ 

Starch liquor, 170. 

Starch manufacture, 233, 236, 309. 
Sterility of trade refuse, 272. 

Stilfand Co., 270. 

Stiffening, 170. 

Stone sawing, 227. 

Straimiig filters, 268. 

Stripping, 170. 

Suction gas, 48. 

Sugar reiiniug, 233, 236. 

Sulphide black dyeing, 165 
Sulphur from alkali waste, 207. 


Taocastek, 299, 

Tallow manufacture, 220. ^ 

Tannery refu.so- 
at Seveiioaks, 309. 
biological filtration of, 82. 
nature of, 74, 80. 

preliminary treatment of, 295, 306. 
purification of, 80. ‘ 

sludge from, 268. 
volume of, 75. 

Tanning, 72, 74. 

Tar distilling, 215, 236. 


Tar oils, 327. ^ 

Tar spraying on roads, 216, 23.). 
Tatlock and Thomson, 320. 

Tatton, 120, 161. 

Taylor, J. T. and J., 154. 

Textile trades, 96. 

Thames Conservancy, 4. 

Tiltometer, 261. 

Tinplating, 204, 234. 

Tippers, 273. 

T„«rna I iriDrovemont Clauses Act, 


1 , 6 . 


Travis, 268. 

I’ripe dressing, 220. 

Trotter boiling, 220. 

Tuke and Bell Ltd. , 273, 274. 

Turner, 203. 

United States Geological Survey, 69. 

Vacuum degreasing machine, 124, 210. 
Vacuum pans, 276. 

Valves — 

decanting, 248. 
floating, 248. 

Varnish manufacture, 233. 

Venturi meter, 246. 

Vtmturi tube, 261. 

Vial, 249. 

Waite, 132, 133, 168, 175, 253, 257, 260, 
283. 

Waite’s apparatus, 132, 263. 

Wakefield, 299, 

Wakefield Sewage Works, 260, 263. 

Walker Bros., 203. 

Walsall Corporation Act, 1890, 288. 
Waiiklyn, 317. 

Waste pickle, 202, 204, 295, 308, 309. 
Water softening, 3, 11. 

Waterworks Clauses Act, 1847, 2. 
Waterworks, straining filters at, 269. 
Watson, 11 B. , Lid , 149. 

Watson, J. D. , 2.51. 

Watson’s plant, 149. 

Weldert, 326. 

West Riding of Vorkshire Rivers Act, 
1894, 4, 288, 291. 

W(!st Riding Rivers Board, 4. 

Wheatley and Sons, 181, 186. 

Wilson filter, 88, 269 
Wilson, H. Maclean, 65. 

Wilson, John, and Son, 267. 

Wmkler, 324. 

Wiredrawing, 204, 234. 

Wolverhampton Corporation Act, 1891, 
288, 291. 

Wolverhampton Improvement Act, 1869, 
288, 291. 

Wood distillation, 234. 

Wood pulp manufacture, 93. 

Wool -washing refuse- 
biological filtration of, 117. 
evaporation of, 120* 
nature, 107, 109 
preliminary treatment, 295, 306. 

Wyld, 36. 

Yahn scouring, 173. 

Yaryan evaporator, 120, 277. 
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